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FOREWORD 

This radiological impact analysis of alternatives for the decommissioning 
and reclamation of the Jackpile-Paguate Uranium Mines in Cibola County, 
New Mexico, was prepared for the U.S Department of the Interior (DOl), Bureau 
of Land Management, South Central Region, Albuquerque, New Mexico, and the 
U.S. Bureau of Indian Affairs. This report is intended to be a support document 
for the environmental impact statement being prepared by the U.S. Department 
of the Interior on the Anaconda Minerals Company•s proposal to reclaim the 
Jackpile-Paguate mines. 

Radiation doses from atmospheric transport and ingestion of radionuclides 
were calculated, and somatic and genetic effects in individuals living within 
80 kilometers (50 miles) from the mine complex were predicted. The analyses 
are for periods after completion of five separate alternatives of decommis
sioning. In addition, hydrological flow patterns in the mine area were analyzed 
to determine the potential for future contamination of surface water and 
groundwater and to determine the groundwater recovery level after reclamation, 
thus permitting incorporation of corrective actions into the reclamation 
procedures. 

The authors wish to acknowledge the contributions of M. Nelson (Bureau of 
Land Management) and B. Zehner (U.S. Geological Survey) to this report. Also, 
the authors are indebted to D. Connor, A. Gudat, C.J. Roberts, and Y. Yuan 
(ANL) for technical review, and to J.D. DePue (ANL) for the preparation of the 
document. 

This work was prepared under a letter of agreement from the U.S. Department 
of the Interior dated August 6, 1981 (Requisition 2-6035-04351). 
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SUMMARY 

Although m1mng activity at the Jackpile-Paguate Uranium Mines in Cibola 
County, New Mexico, has stopped, humans continue to be exposed to the radio
active materials remaining on the mine site. The magnitude of future exposure 
from these sources will depend upon the degree to which the reclamation pro
cedures that are implemented will prevent release of radioactivity into the 
principal pathways of migration--the atmosphere and the hydrosphere. 

Potential pathways of radiation exposure and radiation-induced genetic and 
somatic effects from materials at the mine complex under five alternatives of 
decommissioning were analyzed using UDAD and PRIM computer codes. The prin
cipal pathways of exposure included in the analysis were inhalation of airborne 
radionuclides, ingestion of food and water containing radionuclides, and 
extended exposure to gamma and beta radiation from either airborne or ground
deposited radionuclides. 

The alternatives of decommissioning include (A) No Action (site will be fenced, 
otherwise left as it is), (B) No Future Use (site will be fenced and all 
disturbed area will be covered with 30 em of soil, no grazing on the site); 
(Cl) Grazing Land Use as developed by Anaconda Company (protore, waste piles, 
and open pits covered with 120 em of soil, the remainder of the disturbed 
areas covered with 30 em of soil, pits backfilled 90 em above the equilibrium 
groundwater recovery level, no human habitation or farming allowed on the mine 
site, but grazing would be allowed); (C2) Grazing Land Use as developed by 
U.S. Department of the Interior (similar to Alternative Cl, but the pits 
covered with 300 em of soil above the groundwater recovery level); and 
(D) Maximum Future Use (similar to Alternative C2, except construction of 
commercial and industrial facilities, storage, recreation, and further mining 
would be allowed)~ 

The analysis of the atmospheric pathways of expoure for each of the above 
decommssioning alternatives included characterization of the sources of atmo
spheric release, estimation of the rates of release af the radionuclides, and 
calculation of airborne concentrations and surface activities of the radio
nuclides. The predicted airborne concentrations of all radionuclides at the 
mine boundaries under Alternative A (No Action Case) are less than the regula
tory limits for airborne radionuclides. The magnitude of particulate releases 
was predicted to decrease to levels comparable to those of the natural environ
ment of the mine site for Alternatives B through D. Relative to the Alterna
tive A, the rates of release or radon were projected to decrease to 58% under 
Alternative B and to about 8% for Alternatives Cl through D~ 

The principal hydrologic pathways of potential radiation exposure in the 
vicinity of the mines are direct ingestion of contaminated water and, indirectly, 
ingestion of meat from livestock that drink contaminated water. The analysis 
of the hydrospheric exposure pathway indicated that this pathway would not 
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result in a predictable human exposure under any of the decommissioning alterna
tives. The groundwater supplies of the nearby town of laguna most likely 
would not be affected within at least the next 100 years, irrespective of the 
decommissioning alternative implemented. 

The dose rates and doses to individuals, the dose commitments to individuals 
and populations, and the environmental dose commitments for the atmospheric 
pathway were calculated for all towns within 80 km individually or as part of 
a larger urban area. The analysis indicated that exposures from radionuclides 
released from the mine site under Alternatives B through D would be negligible 
except for radon daughters. Under the Alternative B, the dose rate and doses 
to bronchial epithelium from radon would be 59% of the exposure under Alterna
tive A; the exposures under Alternatives Cl-D would be 8% of those for Alterna
tive A. 

The toal dose commitment from all pathways of exposure would exceed 25 mrem/yr 
for Alternative A (No Action Case), but would not exceed this limit for the 
other alternatives. 

The potential radiation-induced genetic effects from all pathways of exposure 
~ould be about 3 x 10-4 of those naturally induced genetic disorders. Similarly, 
re 1 at i ve to spontaneous cancer marta l i ty, the tota 1 death from radiation
induced cancers (somatic effects) would be about 2.5 x 10-4 and 7.8 x 10-4 , 
respectively, calculated using absolute and relative risk models. The primary 
type of radiation-induced cancer death is predicted to be from leukemia (68 
out of 95 deaths in 85 years) using the absolute risk model, and from cancer 
of urinary organs and sex organs (137 cancers out of a total of 243) using the 
relative risk model. Even though the predicted contribution of lung cancer is 
only 0.9 death based on the absolute risk model, it is projected to produce 46 
deaths under the relative risk model. The magnitude of uncertainty in these 
calculations is not less than ±2.5 times for dose estimates and not less than 
±5 times for the risk calculations. 

xiv 
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1. INTRODUCTION 

1.1 OBJECTIVES 

The Jackpile-Paguate mine complex is located on the Laguna Indian Reservation 
about 60 km (40 miles) west of Albuquerque, New Mexico, on about 3000 hectares 
(7500 acres) of land leased by the Anaconda Minerals Company (Anaconda) from 
the Pueblo of Laguna Native Americans. A map of the area is shown in Fig
ure 1.1, and views of the mine complex are shown in Figures 1.2 through 1.4. 
The Jackpile ore deposits were discovered in November 1951, and the adjacent 
ore body, the Paguate, was discovered in 1956. Mining began in 1953 and 
continued until 1982. During that period, about 400 million metric tons of 
material were relocated within the mine area, and about 25 million metric tons 
of ore were recovered. Anaconda has submitted a reclamation plan for the mine 
complex to the U.S. Department of the Interior, Albuquerque, New Mexico. An 
analysis of pathways of radiation exposure and resultant health impacts from 
the decommissioned mines under Anaconda 1 s proposed reclamation plan and four 
additional alternatives developed by the Department of Interior (DOl) is 
presented in this document. 

bne of the potential human health hazards associated with uranium-mine 
wastes is exposure to the radionuclides in the uranium-238 (U-238) series. 
The mine wastes include subgrade ores (protore)* with uranium contents that 
are too low, to be economically recoverable under current conditions, but yet 
still emit radiation in excess of natural background levels. Because they 
currently cannot be economically milled, the protores are left at the mine 
site. At present, such mine wastes have a uranium content of less than 0.057%~ 
i.e., a specific activity of less than 157.6 picocuries of U-238 per gram 
(pCi/g) of material. At the Jackpile-Paguate mines, analysis of radioactivity 
in composite samples indicates that other waste materials, such as overburden, 
are not mineralized. The concentrations of radioactivity in these materials 
are comparable to those in soils in the adjacent environment. 

The radionuclides of concern are those in the uranium series, specifically 
uranium (U-238, U-234), thorium (Th-230), radium (Ra-226), radon {Rn-222}7 

*Traditionally protore was defined as materials containing concentrations of 
uranium (U3 08 ) between 0.02% and 0.039%, and ore as materials containing 
concentrations exceeding 0.04% U308 . Because of improved technology for 
extraction of uranium, these definitions no longer apply. In this document 
all materials containing U308 in excess of 0.02% are classified as protore 
(radioactive mine wastes), and materials containing radioactivity in excess 
of 5 pCi/g for each of the radionuclides in the uranium series are classed as 
radioactive material (or mineralized material). 

1-1 
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Figure 1.1. Map Showing Region Around Anaconda Company's Jackpile-Paguate Uranium Mine Complex. 
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Figure 1.2. View of the Mine Complex from Gavilan Mesa Looking West. 

Figure 1. 3. Site Entrance on the Southern Boundary of the Mine Complex. 
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Figure 1.4. Site Entrance on the Western Boundary of the Mine Complex. 

polonium (Po-210), and lead (Pb-210). Potential sources of radiation exposure 
are fugitive dust, atmospheric release of Rn-222, and contamination of surface 
and groundwater with mine waste materials. The principal pathways of exposure 
are from inhalation of airborne radionuclides, ingestion of food and water 
containing the radionuclides, and extended exposure to gamma and beta radiation 
from either airborne or ground-deposited radionuclides. 

1.2 DECOMMISSIONING ALTERNATIVES 

One of the major decommissioning objectives for the Jackpile-Paguate mines is 
reclamation and rehabilitation of the mine waste dumps, open pits, ground 
surfaces covered with radioactive material, storage areas, and some buildings 
so as to minimize public exposure to radiation. The five alternative decommis
sioning proposals to be evaluated are outlined below and are described in more 
detail in Appendix A: 

A. NO ACTION ALTERNATIVE: The mine site would be fenced to control access 
by humans and livestock. The only use of the site permitted would be 
additional mining. 

B. NO FUTURE USE (Sacrifice Area): All disturbed areas would be covered 
with about 30 em (1 ft) of topsoil and revegetated. As above, the mine 
site would be fenced to control access by humans and livestock, and the 
only use permitted would be mining. 

C1. GRAZING LAND USE (Developed by Anaconda): Protore, all mineralized 
wastes, and open pits would be covered with 120 em (4 ft) of over
burden. Open pits would be filled with overburden to 90 em (3 ft) 
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above the groundwater recovery level. (This is the maximum elevation 
that the groundwater surface would eventually reach under equiHbrium
conditions). All disturbed and backfilled areas would be covered 
with 30 em (1 ft) of topsoil and revegetated. Use of the site would 
be 1 imited to 1 ivestock grazing; human habitation, farming, and 
construction of commercial and industrial facilities would be excludedl 

C2. GRAZING LAND USE (Developed by Task Force)~ Protore, all mineralized 
wastes, and open pits would be covered with 120 em (4 ft) of over
burden and then with 30 em (1 ft) of topsoil. Open pits would be 
filled to 300 em (10 ft) above the groundwater recovery level and 
then covered with 30 em (1 ft) of topsoiL As under Alternative Cl, 
land use would be limited to livestock grazing. 

D. MAXIMUM FUTURE SITE USE: The mine site would be reclaimed as outlined 
under Alternative C2. However, under this alternative, construction 
of commercial and industrial facilities, storage, recreation, and 
further mining, as well as livestock grazing, would be permitted, 
but habitation and farming would continue to be excluded. 

Under each of these alternatives, the entrance and vents to the underground 
mines would be sealed. The ore remaining on the mine complex would not be 
transported off the site for milling, but instead would be treated as protore 
(mine waste) for reclamation purposes. 

' 
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2. PHYSICAl ENVIRONMENT 

2.1 TOPOGRAPHY 

The mine complex is located within the valley formed by the Rio Moquino and 
Rio Paguate (herein referred to as the Rio Moquino Valley) about 60 km (40 mi} 
west of Albuquerque. The topography of the region is characterized by broad 
mesas and plateaus, deep canyons, and broad valleys. Small lava flows and 
volcanic cones are scattered throughout the area. A topographical map of tha 
site is presented in Figure 2.1(a-c), and typical views of the surrounding 
terrain are shown in Figures 2.2 and 2.3. 

To the northwest of site are the flanks of Mount Taylor, an extinct volcano 
with an elevation of 3565 m (11,700 ft). Seboyeta Peak, elevation 2075 m 
(6825 ft), is the highest point immediately north of the mines. To the east 
of the mines the prominent features are Gavilan Messa [2101 m (6388 ft)], 
Wiener Mesa [1945 m (6380 ft)], and Snowbird Mesa [1940 m (6365 ft)], which 
rise above the surrounding broad valleys. To the south of the mines is North 
Oak Canyon Mesa [1885 m (6185 ft)]. 

The elevation of the area containing the mine site ranges from 1500 m to 
2100 m (5000 to 7000 ft), with most of the mine area at about 1800 m (6000 ft). 
The lowest area within the region is the Rio Moquino Valley drainage, which 
extends from the eastern slopes of Mount Taylor through the mine complex to 
the broad valleys south of the site. 

2.2 GEOLOGY 

The mine area is underlain by consolidated strata of the Mesozoic era and in 
places is covered by eolian, alluvial, and colluvial deposits. A stratigraphic 
column of the sedimentary beds in the area is illustrated in Figure 2.4. 
These strata can be seen in the photographs in Figures 2.5 through 2.7. 

The Jackpile sandstone, the host rock of the uranium deposits mined in the 
Jackpile-Paguate operation, overlies the Brushy Basin mudstone member of th~ 
Morrison formation (Freeman and Hilbert 1960). The Jackpile sandstone consists 
of an area about 55 km (35 mi) long, 25 km (15 mi) wide, and 75 m (220 ft) 
thick (Kittle 1963). The base of the Jackpile deposit does not exhibit struc
tural conformity,* and transition between the sandstone and the· underlying 
mudstone is not well defined. 

Overlying the Jackpile sandstone bed is the Dakota sandstone. The base o~ 
this formation is a hard sandstone and siltstone deposit, and the formation 

*Conformity is an uninterrupted sequence of strata that have been deposited in 
an orderly manner without evidence of folding, tilting, or erosion before 
the higher strata were deposited. 

2-1 

CONFIDENTIAL POL-EPA01-0007663 



CONFIDENTIAL . . 

A c 

~------------ _, ---- --------------------------

8 D 

Figure 2.1. Topographic Map of Jackpile-Paguate Mine Complex. 
(Topography of individual sections is shown on 
following pages) 
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Section A 

Figure 2.1. Continued 
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Section 8 

Figure 2.1. Continued 
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Section C 

figure 2.1. Continued 
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Section D 

Figure 2.1. Continued 
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Figure 2.2. View from Road 279 Looking East over the New Shop Area 
and Western Gate of the Mine Complex. 
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Figure 2.3. View from Road 279 Looking North. (Volcanic 
cones can be seen in the left of the photograph.) 
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Figure 2.4. Generalized Stratigraphic Column of the Jackpile-Paguate Mine 
Area. (Vertical scale: 1 em= 65 m.) [Modified from Kittle 
1963.] 
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Figure 2.5. View East over the North Jackpile Open-Pit Mine. (Dark 
sandstones of the Dakota Group of the Mancos Formation 
overlie the gray-white Jackpile sandstone.) 

Figure 2.6. A View Southeast over the South Jackpile Mine. 
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Eigure 2.7. A View of Paguate Pit Looking Southwest. (The new shop area is 
in background in the left-central portion of the photograph.) 

gradually changes upward to a soft carbonaceous and shaly siltstone. Above 
these layers are alternating zones of black Mancos shale and three sandstone 
units called the Tres Hermanos sandstone. The rocks in the mine area are 
generally flat-lying, with a regional downward slope (dip) of 2° to 4° to the 
north-northwest. 

An unusual feature of the site geology was the Woodrow breccia pipe, a nearly 
circular, subsurface geologic structure 7 to 10 m (24 to 34 ft) in diameter 
(Wylie 1963). Rich uranium ore was mined from this pipe during the period 
1954 to 1956. 

As ore has been removed, intermixed Dakota and Mancos shales (non-mineralized 
materials) and Jackpile sandstone with a level of mineralization making it 
uneconomical to mill have been dumped in some of the mined pits. 

2.3 HYDROLOGY 

2.3.1 Surface Water 

2.3.1.1 Surface-Water Features 

Rio Paguate-Rio Moguino Watersheds 

Principal surface drainage features in the vicinity of the mines are the Rio 
Paguate and the Rio Moquino (Figs. 2.8 through 2.11). The Rio Paguate watershed 
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Figure 2.8. Map Showing Locations of Surface Drainage Features 
and Water-Quality Sampling Sites in the Mine Area. 
[Modified from Anaconda Minerals Co. base map.] 
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Figure 2. 9. View.of Rio Moquino from the Bridge between 
Seboyeta and Sohio Mill looking Southward 
(downstream) toward the Mine Complex. 
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Figure 2.10. Upstream View of Rio Paguate from Road 279 South 
of the Town of Paguate, Looking East toward the 
Mine Complex. 
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Figure 2.11. View of the Confluence of the Rio Moquino 
and Rio Paguate (left side of photo) near 
the Center of the Mine Complex. 

originates at the crest of the San Mateo Mountains near Mt. Taylor to the 
northwest of the mine complex. The river travels generally southeastward from 
its headwater, flows eastward through the Jackpile-Paguate mining area (where 
it is joined by the Rio Moquino), then turns southeast until it enters the 
Paguate Reservoir and discharges into Rio San Jose, about 7. 2 km ( 4. 5 mi) 
south of the mine boundary (Fig. 2.8). The watershed includes about 277 km2 

( 107 mi 2 ) of drainage ·area upstream of the mine 1 ease; it is about 27 km 
(17 mi) long and 11 km (7 mi) wide, with a general southeasterly slope (Zehner 
1983; Dames and Moore 1976). 

The Rio Paguate was rechanneled during mining operations for a distance of 
about 600 m (2000 ft) from the point where it enters the western edge of the 
mine area just south of the town of Paguate. This diversion caused the con
fluence with Rio Moquino to move about 90 m (300 ft) downstream of its pre
mining location (Herkenhoff and Assoc. 1973). 
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River flow results primarily from groundwater discharge (Zehner 1983). Although 
data are sparse, average flows have historically been low. At about 3 km 
(2 mi) northwest of the town of Paguate the mean daily flow averaged 0.05 m3/s 
(1.71 cfs) for the period 1937-1941; for the period 1976-1980, flow averaged 
0.03 m3/s (1.19 cfs) at a point 2.3 km (1.4 mi) south of the confluence of the 
Rio Paguate and the Rio Moquino (Zehner 1982). Other streamflow surveys 
conducted in recent years are described in reports by Dames and Moore (1976) 
and Hydro-Search (1981). 

About 60% of the total annual precipitation in the Rio Paguate watershed 
occurs from May through September (Dames & Moore 1976). The annual precipita
tion averages about 370 mm (14.5 in), increasing northward and varying from a 
low of about 250 mm (10 in) at the mine lease area to a high of about 750 mm 
(30 in) near the summit of Mt. Taylor. Average annual runoff.at the mouth of 
the watershed is estimated to be about 12.1 x 106 m3 (9800 ac-ft) (Dames & Moore 
1976). This runoff represents about 11.5% of the mean annual precipitation of 
about 370 mm (14.5 in). 

Rio Moquino, the major tributary to the Rio Paguate, has a drainage area of 
about 190 km2 (73 mi2) above its confluence with Rio Paguate. The Rio Moquino 
enters the mine lease area from the north and flows south until it meets the 
Rio Paguate at the center of the mine lease. Rio Moquino may become inter
mittent in the upper parts of the mine area in July and August. During these 
low-flow periods, seepage can be observed from the stream banks as a result of 
groundwater discharge near the confluence of Rio Paguate and Rio Moquino 
(Anaconda 1980). Some channel modification has been carried out on the Rio 
Moquino between the 11T11 and 11 U11 dumps (as shown in Fig. 2.12) within the mine 
lease area by placing excavated material along both sides of the original 
channel (Anaconda 1980). This results in a relatively straight course for the 
rechanneled reach. 

Blocked Arroyos 

Three arroyos (washes) on the mine site have been blocked as a consequence of 
mining operations. Characteristics of the three blockage areas are given in 
Table 2.1. (The locations of two blockages are shown in Fig. 2.13, and a 
photograph of one is presented in Fig. 2.14.) These arroyos are normally dry 
except for short periods (days) after rainstorms. The water from these blocked 
watersheds occasionally may be ponded at the point of blockage. 

2.3.1.2 Surface Water Quality 

Water samples are collected monthly by Anaconda at six surface-water-monitoring 
stations as shown in Figure 2.8. One sampling location is at the Paguate 
Reservoir south of the mine lease. · 

Monitoring data given in Table C.1 of Appendix C indicate that an increase in 
concentrations of dissolved chemical species and radioactive constituents in 
surface waters occurs through the mine area. However, concentrations of minor 
constituents do not increase significantly through the mine area. Rio Moquino 
usually contains high concentrations of dissolved constituents in comparison 
with the upper Rio Paguate. The total dissolved solids (TDS) level of Rio 
Paguate below the confluence with the Rio Moquino is usually higher than that 
of Rio Paguate above the confluence and usually lower than that of the Rio 
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Figure 2.12. Photograph of the Rio Moquino within the Mine Complex. _ (The 
streambed was altered by mining of the ore below the stream.) 

Table 2.1. Characteristics of Blocked Watershedst 1 ' 2 

Characteristic Watershed #1 Watershed #2 

Drainage area (km2) 4.40 2.31 
Average slope of watershed 

(% grade) 3.64 6.81 
Curve number 86.00 86.00 
Watershed lag (hours) 0.95 0.45 
Time of concentration (hours) 1. 59 0.75 
100-year 24-hour rainfall 

(mm)t3 89 89 
Runoff depth (em) 5.33 5.33 
Runoff volume (m3) 2.34 X 105 1. 23 X 105 

Peak discharge (ems) 22 19.5 

tl Calculations based on methods recommended by the U.S. Soi 1 
Service (1957). 

t 2 Locations shown on Plate 4.2-1 of Dames & Moore 1976. 
t 3 From U.S. Weather Bureau Technical Paper No. 40. 

Watershed #3 
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Figure 2.13. Map Showing Locations of Two Blockage Areas on 
Mine Site. (Modified from Hydro-Search 1981b.) 

c 

Figure 2.14. Photograph of Blocked Arroyo. (View is eastward over waste 
pile F. Ponded water is from melted snow and rainfall.) 
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Moquino above the confluence. The mean concentrations of uranium and Ra-226 
in surface waters are less than the water quality standards of 5 mg/L and 
30 pCi/L, respectively, set by the New Mexico Environmental Improvement Agency. 
However, sites on the Rio Paguate immediately above and below the confluence 
with Rio Moquino occasionally had Ra-226 values exceeding the EPA limits of 

· 5 pCi/L. More detailed data on surface water quality are presented in other 
reports (Hydro-Search 1979, 1981b; Dames & Moore 1976) . 

. 2. 3. 2 Groundwater 

2.3.2.1 General Characteristics 

In the mine area, groundwater is present in the surficial alluvial stream 
deposits and in the deeper water-bearing bedrock formations. Groundwater 
characteristics for various geologic strata are summarized in Table 2.2. 

In March 1979 and during the period June 10-12, 1981, the potentiometric 
surface for the Jackpile sandstone in the Jackpile pit area was measured at 
between 1789 and 1820 m (5868 and 5960 ft) MSL. In the Paguate pit area, the 
groundwater was between 1795 and 1830 m (5890 and 6010 ft) MSL {Fig. 2.15). 
The potentiometric surface for water in the Jackpile sandstone slopes from an 
elevation of about 1830 m (6010 ft) MSL at the South Paguate pit in a north
eastward direction toward the North Paguate pit, then eastward to the confluence 
of Rio Paguate and Rio Moquino. It also slopes from an elevation of about 
1820 m {5960 ft) MSL at the Jackpile pit in a westward direction, then south
ward to the confluence of the streams. -In general,· the water table is at 
depths of less than 15 m (50 ft) below the stream valleys and more than 90 m 
{300 ft) beneath the high mesas (Hydro-Search 1981a). 

The Dakota sandstone overlying the Jackpile sandstone does not contain signi
ficant amounts of groundwater in the mine area {Dames & Moore 1976). The 
Dakota unit contains variably cemented sandstone and dark shale, particularly 
in the lower portion. The shales act as confining layers to the Jackpile 
sandstone in the northern and western parts of the mine area. Underlying the 
Jackpile sandstone is the Brushy Basin member, with a thickness of about 6 to 
80 m {20 to 275 ft) of mudstones. It forms a relatively continuous impervious 
layer because of its fine-grained, well-cemented matrix. Therefore, the 
Jackpile sandstone is bounded above and below by layers with significantly 
lower hydrologic conductivity. 

In general, groundwater under the area flows from recharge areas to the south
west and 'northeast of the mine site mostly toward the mine pits and under
ground mines and then discharges to both Rio Paguate and Rio Moquino in the 
vicinity of the confluence of the streams. 

Recharge to surficial alluvial materials and Jackpile sandstone in the mining 
site probably occurs from direct infiltration of precipitation and streamflow; 
recharge to consolidated strata results from infiltration along their outcrop 
areas and from vertical leakage through overlying strata. Discharge from the 
Jackpile sandstone occurs as evapotranspiration, discharge to streams, and 
evaporation of ponded groundwater in the open mine pits. Evapotranspiration 
occurs in the summer months in areas where the Jackpile sandstone is close 
enough to the surface that roots of phreatophytic vegetation can reach the 
groundwater. The Jackpile sandstone is hydraulically connected with Rio 
Paguate and Rio Moquino, and groundwater can discharge into these two streams 

. 
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Table 2.2. Groundwater Characteristics of 
Various Geological Stratat1 

Formation/ 
Member 

Eolian and alluvial 
deposits 

Colluvial deposits 
Dikes and sills 
Tres Hermanos 

Mancos shale 

Dakota sandstone 
Morrison 

Jackpile sandstone 

Brushy Basin member 

Westwater Canyon 
member 

Recapture member 
Bluff sandstone 
Summerville formation 
Todilto formation 
Entrada sandstone 

Yield and Water-Bearing Prapertiest2 •3 

Yields of 15 to 90 gpm reported in Paguate 
area near perennial streams. Water 
quality good. 

Mostly above water table. 
Unknown; presumed poor. 

Yields from Tres Hermanos range from 5 
to 20 gpm. Water quality probably fair 
to good in vicinity. 

Yield of 5 gpm reported. 

Yields of 8 to 34 gpm reported. Water 
quality fair to poor. 

Well No. 4 reportedly yielded 100 gpm 
from sand units; 25 gpm from Paguate 
Shop well. Quality fair to poor. 

Yields of 5 gpm reported in Well No. 5; 
quality poor. 

Not known to yield water to wells in area. 
Yields to 15 gpm reported. Quality poor. 
Not known to yield water to wells in area. 
Not known to yield water to wells in area. 
Yield of 5 gpm reported in well south of 

area; 16 gpm reported in well producing 
from Entrada sandstone and underlying 
Chinle Formation. Quality believed poor. 

t 1 A generalized stratigraphic column of the area is presented in Fig
ure 2.4. 

t 2 Conversion: 1 gpm {gallon per minute) = 0.06309 Lis (liter per 
second). 

t 3 Water Quality - 11 Good11 for TDS < 500 ppm and so~ < 250 ppm:~; 
11 Fair11 for 500 ppm < TOS < 1000 ~pm and S04 < 300 ppm; 
11 Poor11 for 1000 ppm < TDS and 504 > 300 ppm. 

Modified from Dames & Moore 1976. 
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Figure 2.15. Water Table Configuration in the Jackpile-Paguate Mine Area. 
[Modified from Zehner 1982.] 
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from bedro~k and alluvial materials. The surficial alluvial deposits and the 
water table slope toward the Rio Paguate and Rio Moquino. 

The Rio Paguate loses water along the reach from the western edge of the mine 
area to a point about 300 m (1000 ft) above the confluence with the Rio Moquino. 
This indicates that the Rio Paguate recharges the backfill and then flows 
through the underlying Jackpile sandstone and the alluvium along this reach 
(Hydro-Search 1979). The total net gain in groundwater flow through the 
Jackpile sandstone near the confluence of the Rio Paguate and the Rio Moquino 
was estimated at about 1.4 L/s (22 gpm} on December 3-4, 1980 (Hydro-Search 
1981a). Information about groundwater yield, hydraulic characteristics, and 
results of recent a qui fe·r tests are reported in severa 1 pub 1 i cations (Hydro
Search 198la; Zehner 1982; .Lyford 1977). 

2.3.2.3 Quality 

Three monitoring wells, Jackpile Well #4, Jackpile New Shop, and Jackpile Old 
Shop (see Fig. 2.8), have been sampled by Anaconda for about 20 years. The 
mean concentrations of chemical and radiological constituents of water samples 
from these wells are summarized in Appendix C. Consolidated rock in the mine 
area yields water of generally poor quality. Well #4 is located hydraulically 
upgradient from all the mine workings and presumably monitors the ambient 
groundwater quality of sandstone units in the Brushy Basin member. Normally, 
the groundwater from well #4 is of higher quality than water from the two 
other wells. Samples from the Old Shop well contained a mean concentration of 
0.18 ppm of selenium, which exceeds the 0.05 ppm standard set by the State of 
New Mexico. 

Eleven 11 P11 -series wells were completed in 1977 by Hydro-Search Inc. to inves
tigate effects of two holding ponds on the quality of the groundwater system 
in the mine area (Hydro-Search 1979). Thirty 11 M''-series wells were installed 
about 1980 in the lease area for a general hydrogeologic study (Hydro-Search 
1981a). Most of these wells are open to the alluvium and the Jackpile sand
stone. The concentrations of radiological constituents (except Ra-226) in 
water collected from Jackpile sandstone through 11 "P"-series wells, 16 11 M'1-

series wells, and four additional offsite wells are generally low. The Ra-226 
concentrations in four of the wells are close to the maximum permissible 
concentrations (MPC) of 30 pCi/L as proposed by the State of New Mexico and 
greater than the MPC Qf 5 pCi/L as proposed by the U.S. EPA for a public water 
supply (Hydro-Search 198lb). 

2.4 METEOROLOGY AND CLIMATOLOGY 

New Mexico has a generally mild, arid to semiarid, continental climate charac
terized by abundant sunshine, low relative humidities, low precipitation, and 
relatively large annual and diurnal temperature variations (Houghton 1972; 
NOAA 1959-1980). As inferred from data on temperature, precipitation, and 
evaporation for the Laguna area (Tables 2.3 and 2.4), this same pattern occurs 
in the region of the mines. 

Weather data collected at Laguna since 1927 were used to characterize the 
climate in the mine area. Data from Marquez, 24 km (15 mi) north of the 
mines, Las Lunas, about 55 km (35 mi) southwest, San Mateo, 40 km (25 mi) 
northwest, and Grants, 40 km (25 mi) west-northwest, were used for those few 
periods when data for Laguna were missing. 
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Table 2.3. Temperature and Precipitation Data for Laguna, 
New Mexico, Area (1951-1980) 

Mean 
Monthl~ Tem~eratures {Co)t1 Precipitationt2 

Month Minimum Mean Maximum (mm) 

January -3.4 0.8 4.8 8.4 
February ·-1.9 3.0 1.3 10.7 
March 2.7 6.2 10.3 9.9 
April 1.8 10.7 15.1 7.4 
May 13.4 15.7 18.0 14.2 
June 18.9 21.3 23.2 10.9 
July 21.9 23.7 25.5 41.1 
August 20.8 22.3 23.7 48.0 
September 16.6 18.5 21.0 27.4 
October 10.1 12.5 14.9 28.7 
November 2.8 5.6 1.1 7.6 
December -3.6 1.2 4.9 12.2 

Annual 11.8 226.3 

t 1 Because of missing data from Laguna, one month of data from San 
Mateo (40 km NW) and eight months of data from Grants (40 km WNW) 
were substituted to make the period of record complete. 

t 2 Eight months of data from Marquez (24 km N} were substituted to 
make the period of record complete. 

Table 2.4. Evaporation (mm) at Laguna for the Months of 
June through October, 1976-1980 

June July August September October 

332.5 292.6 243.6 149.4 136.1 
285.0 261.9 242.8 172.0 141.2 
324.9 304.3 248.2 183.9 150.4 
260.1 272.5 227.8 188.5 170.7 
343.9 309.4 251.2 205.5 131.3 

Average 309.4 288.0 242.8 179.8 146.1 

Modified from NOAA 1976-1980. 

CONFIDENTIAL· ~ POL-EPA01-0007684 



2-23 

As indicated in Table 2.3, monthly temperatures over the period 1951 through 
1980 ranged from an average minimum of -3.6°C (25.6°F) in December to an 
average maximum of 25.5°C- (77.9°F} in July. 

~recipitation in the area is light, and about 65% of the rain that falls 
occurs July through October, mostly during brief, but frequently intense, 
thunderstorms. Annually about 45 thunderstorm days occur in the area (Hough
ton 1972). Snowfall is light and results primarily from frontal activity 
associated with Pacific storms moving through the area. Accumulation of snow 
is uncommon because the mean maximum daily temperature in January is about 8°C 
(46°F). 

For the period 1927 through 1980, the annual average precipitation was 235 mm 
(9.25 in). Specifically for the mining period (1951 through 1980), the annual 
average precipitation was 226 mm (8.91 in). Examination of data on the cumu
lative annual departure of precipitation from the average, as shown in 
Figure 2.16, indicates that a dry period occurred in the 1950s and 1960s. 

The combination of low total precipitation and abundant sunshine results in an 
annual deficit of moisture. For 1976 through 1980, average evaporation for 
Laguna during the period June through October was about 1150 mm (45 in) (see 
Table 2.4). The estimated annual evaporation rate is about 1800 mm (70 in) 
(Chow 1975). A comparison between the potential monthly evaporation and 
precipitation rates is shown in Figure 2.17. The average evaporation rate 
exceeds the average precipitation rate each month. 

Tornadoes are rare in this area. The size, wind velocity, path length, and 
damage of those tornadoes that do occur are considerably less than those that 
occur in the Great Plains or Midwest. Between 1914 and 1968, only four 
tornadoes were reported in Cibola County (NWSFO 1975). As one would expect, 
weather activity associated with hurricanes also is rare in the area, but the 
passage of a downgraded hurricane or tropical storm that has moved inland from 
either the Pacific Ocean or Gulf of Mexico can cause increased rainfall at the 
mine site. 

Surface winds at the mine area are monitored by the Anaconda Company with 
instruments located on a tower 18 m (60 ft) above ground, mounted on the roof 
of the mine maintenance shop. However, because of the irregular terrain in 
the area, the wind data collected at this tower are believed to be represen~ 
tative only of the wind field in the immediate area of the sensors. The 
orientation of the Rio Moquino Valley is NNW-SSE, but the tower is at the head 
of a small canyon bordered by two small ridges that are oriented E-W (see 
Figs. 2.18 and 2.19}. 

The daily wind distribution as recorded at the tower is shown graphically in 
Figure 2.20. Nocturnal drainage winds (occurring from midnight to 6 a.m.) are 
light, westerly breezes [<10 km/h (<5 mph)] that result from the movement of 
cooler, more dense air flowing down from the higher terrain to the west. 
During the morning (6 a.m. to noon), upslope flow (easterly winds) occurs. 
During the afternoon (noon to 6 p.m.), winds become more variable as a result 
of increased solar insulation and subsequent thermal turbulence. In the 
evening (6 p.m. to midnight) the upslope (easterly) flow virtually disappears, 
and the dominant wind direction returns to the west. 
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Figure 2.16. Cumulative Departure from Normal 
Precipitation at Laguna for the 
Period 1926-1980. (Average annual 
precipitation is 9.25 inches.) 

co 
CD 

..c. 
0 
c 

t-t 

12 

10 

B 

6 

4 

2 

0 

-

-

-

-

Lege 
m& 
m PreoLpL 

~~ ~~ ~~ ~~ ~ ~~ ~~ ~ ~ kq ~I= l'a ~ 

9;:-~~:S!-NQ)Q..f..,.:::.,.c:::_,~:Q) 

~~~~~~bl&~@!!S~ 
Month 

Figure 2.17. Potential Evaporation Rates and 
Precipitation Amounts for Laguna. 
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Figure 2.18. Computer-Generated 3-Dimensional Perspective 
of the Region around the Jackpile-Paguate 
Mine Complex--20° above the Surface. (Asterisk 
(

1*1
) shows location of the meteorological sensors.) 

Figure 2.19. Computer-Generated 3-Dimensional Perspective 
of the Region around the Jackpile-Paguate 
Mine Complex--5° above the Surface. (Asterisk 
(

1*1
) shows location of central mine area.) 
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0800-1200 MST 

• 

1800-2400 llST 

F;gure 2.20. o;str;but;on of Surface w;nds as Recorded at the 
Jackp;le-Paguate Meteorolog;cal Tower. {Per;od 
of record was May 1974 through January 1975.) 
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The data collected at the mine maint~nance shop have been modified.to represent 
the orientation of the Rio Moquino Valley by rotating compass directions 
67.5°. The resulting wind rose, which is believed to be more representative 
of the wind pattern of the valley as a whole, is shown in Figure 2.21. Calcula~ 
·tions of the dispersion of radioactive nuclides released from the Jackpile
Paguate mines as reported in this document were based on this modified wind 
field. 

Period of RKord 
5 /74-1 /75 

Figure 2. 21. 

• 

Modified Wind Rose for the 
Rio Moquino Valley. 

2.5 NATURAL AND BACKGROUND RADIATION 

The radiation environment in the vicinity of the Jackpile-Paguate mines consists 
of three major components: (1) natural radiation, (2) radiation resulting 
from human activities other than Jackpile-Paguate mining operations, and 
(3) radiation attributable to the mining activities. The background radiation 
environment of the mines consists of the first two components. The level of 
background radiation is the baseline for determining the effectiveness of 
control technologies incorporated in each of the decommissioning alternatives 
for the mines. 
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The sources, types, and variations in background radiation and subsequent 
human exposure in the United States have been reviewed by Oakley (1972), 
Klemment (1972), the U.S. Environmental Protection Agency (USEPA 1972, 1976, 
1977), National Council on Radiation Protection and Measurements (NCRP 1975), 

. Gesell (1974), and Gesell and Lowder (1980). The levels of background radia
tion have been estimated by Oakley (1972), Klemment (1972), and NCRP (1975) 
for several locations throughout the country. 

2.5.1 Natural Radiation Environment 

Natural radiation consisti of cosmic radiation, terrestrial radiation, and 
human body burden. Cosmic radiation originates in the cosmos and enters the 
earth•s atmosphere; terrestrial radiation originates from the naturally occur
ring radionuclides in the soil; and human body burden originates from ingestion 
of naturally occurring radionuclides in food and water and from inhalation of 
naturally occurring airborne radionuclides. The level of natural radiation in 
any particular area depends on such factors as altitude, local geology, meteoro
logical conditions, and vegetation type. Exposure to the natural radiation 
may also depend on such factors as personal lifestyle, diet, and type of 
residence. 

2.5.1.1 Cosmic Radiation 

Primary cosmic radiation is radiation that enters the earth 1 s atmosphere from 
extraterrestrial sources. The interaction of this radiation with the atmosphere· 
results in production of secondary cosmic radiation. The intensity of cosmic 
radiation at a location on the earth•s surface depends on the altitude of that 
site. The average altitude at the Jackpile-Paguate mines is about 1800 m 
(6000 ft). At this altitude, the total cosmic radiation dose-rate equivalent 
is about 70 mrem/yr at a tissue depth of 5 em (NCRP 1975). 

2.5.1.2 Terrestrial Radiation 

Concentrations of naturally occurring radionuclides in the top 25-cm (10-in) 
surface layer of the earth determine the intensity of terrestrial gamma radia
tion. The intensity of beta radiation is strongly reduced by absorption in 
the soil. Exposure to these radiations is also influenced by lifestyle and 
type of housing. The terrestrial whole-body dose-rate equivalent for the 
Colorado Plateau area (which includes the region of the Jackpile-Paguate 
mines) is in the range of 75 to 140 mrem/yr, averaging about 90 mrem/yr. 

2.5.1.3 Human Body Burden 

The radionuclide content of the human body (body burden) results from inges
tion and inhalation of materials containing radioisotopes, such as those of 
lead, polonium, bismuth, radium, potassium, carbon, hydrogen, uranium, thori
um, and several cosmogenic radionuclides. The average dose-rate equivalent 
from these radionuclides is 25 to 30 mrem/yr to the gonads, 125 to 1000 mrem/yr 
to the lungs, 50 to 100 mrem/yr to the bone, and 25 to 50 mrem/yr to bone 
marrow and to the gastrointestinal tract. The range in the dose-rate equivalent 
reflects individual habits of ingestion and inhalation and variability in the 
background airborne concentration of the radionuclides. 
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2.5.1.4 Pre-Mining Environment 

The pre-mining radiation environment of the Jackpile-Paguate mine site,was 
never extensively measured. The available data are insufficient to determine 
the radionuclide concentrations in soil or water before mining began. It can 
be surmised, however, that because of the presence of uranium deposits, the 
radiation level in the mine area was higher than in the rest of the region. 
Indeed, detection of the elevated gamma radiation intensity from the Jackpile 
formation outcrops was responsible for the discovery of the uranium deposits. 
The region of elevated gamma activity before mining is shown in Figure 2.22. 

Weathered material from the Jackpile formation outcrops was deposited in the 
channel of the Rio Paguate. The average uranium content (ore quality) of two 
samples collected from the outcroppings was about 0.911% U3 08 (Anaconda 1980). 
At a distance of about 15 m (50 ft) from the exposed ore zone the uranium 
content was reduced to about 0.25%. The Woodrow deposit was a highly mineralized 
ore and contained up to 20% U3 08 • Because of weathering and surface erosion, 
the outcrops were natural sources of elevated concentrations of uranium in 
both surface soil and water. However, the only data available are those 
related to exploration and logging of the area for uranium mining. 

2.5.2 Background Radiation Environment 

The present background radiation environment of the Jackpile-Paguate mines 
includes contributions from natural radiation, from other mining and milling 
activities in the.region,* and from fallout due to atmospheric testing of 
nuclear weapons. • 

Data on current background radiation in the area have been collected by the 
U.S. Environmental Protection Agency.(Eadie et al. 1979) and, for a short 
period, by Argonne National Laboratory (ANL 1980). 

2.5.2.1 Radionuclides in the Soil 

Average specific activities (pCi/g) of Ra-226 in the top 5 em of soil collected 
at Laguna, Bibo, and Mesita (Fig. 1.1) are, respectively, 0.62 ± 0.15, 0.86 ± 
0.18, 0.78 ± 0.17, pCi/g (the errors are two standard deviations of counting 
statistics). Across the region, the range of background specific activity of 
Ra-226 in soil is 0.1 to 1.9 pCi/g (Anaconda 1982). The specific activity of 
U-238 is about 1 pCi/g in the shales and less than 1 pCi in Tres Hermanos 
sandstone. The average specific activity of U-238 in soil in the United 
States is about 0.6 pCi/g (Lowder et al. 1964). 

2.5.2.2 Radionuclides in Potable Groundwater 

The concentrations of uranium (U-238, U-235, and U-234) and of Ra-226 gross 
alpha and beta activity in samples of water from four wells on the Laguna 
Indian Reservation are listed in Table 2.5. The average concentrations of the 

*The L-Bar, Sohio, St. Anthony, and Windwhip mines are also located in the 
region. 
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Figure 2.22. Map Showing Region of Elevated Surface Radioactivity 
before Mining of the Jackpile-Paguate Complex. [Broad 
borders delineate gross areas where background was 
"significantly" higher than normal." Largest dark dots 
designate locations where surface radioactivity was 
strong, indicating "good extensive mineralization; 11 

medium-sized dots designate locations of moderate 
radioactivity (I' good but 1 imited mineralization"); and 
smallest dots designate locations of weak radioactivity 
("no significant mineralization").] (From Anaconda 
1980.) 
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Table 2.5. Concentration of Radionuclides in 
Groundwater from Four Wells on the 

Laguna Indian Reservationt1 •2 

Well 
Property Concentration 
Analyzed (pCi/L ± SE)t3 

Mesita #1 (BIA) Gross Alpha 5 ± 6 
Gross Beta 5 ± 5 
Ra-226 0.2 ± 0.1 
U-234 1.3±0.8 
U-235 0.4 ± 0.4 
U-238 1.3 ± 1.0 

N.Y. #1 Gross Alpha 3 ± 5 
Gross Beta 7 ± 5 
Ra-226 0.3 ± 0.1 
U-234 0.5 ± 0.3 
U-235 0.0 ± 0.2 
U-238 0.9 ± 0.4 

Well #1 Paguate Gross Alpha 3 ± 5 
Gross Beta 3 ± 5 
Ra-226 0.4 ± 0.1 
U-234 0.1 ± 0.2 
U-235 0.1 ± 0.1 
U-2~8 0.1 ± 0.2 

Well #2 Paguate Gross Alpha 0 ± 7 
Gross Beta 2 ± 4 
Ra-226 0.2 ± 0.2 
U-234 -0.3 ± 0.5 
U-235 0.0 ± 0.2 
U-238 0.0 ± 0.2 

t 1 Based on unpublished data provided by M.E. Nelson, 
U.S. Department of Interior. 

t 2 The national standards for community water systems 
are 5 pCi/L for radium (40 CFR Parts 100 to 399), 
4 x 104 pCi/L for U-238, and 3 x 104 pCi/L for 
U-235 and U-234 (10 CFR Parts 0 to 199). 

t 3 SE = standard error of measurement. 
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radionuclides for these wells are 0.3 pCi Ra-226/g, 0.4 pCi U-234/g, 0.1 pCi 
U-235/g, and 0.6 pCi U-238/g. These concentrations are within drinking water 
standards* and are typical of values reported for public water supplies in the 
United States. In a recent work, Kriege and Hahne (1982) surveyed Ra-226 
concentrations in community water supplies in 625 towns in Iowa. The range of 
average concentrations was from 0.1 to 48 pCi Ra-226/L. In an earlier study 
(Hursh 1953), the range across the nation was found to be from 0.09 pCi Ra-226/l 
in raw water and 0.08 pCi/L in tap water in los Angeles, California, to 65.4 pCi 
Ra-226/L in raw water and 57.9 pCi/L in tap water in Joliet, Illinois. 

2.5.2.3 Airborne Concentration of Particulates 

Average concentrations of airborne radionuclides (Ra-226, Th-230, U-238) in 
composited monthly samples as determined by Eadie et al. (1979) are given in 
Table 2.6. The average background concentrations of airborne particulates for 
the area around Grants, New Mexico, about 65 km (40 mi) west of the Jackpile
Paguate mines, is reported as 25.0 ~g/m3 , with radionuclide concentrations of 
1.2 x 10-3 pCi U-238/m3 , 1.7 x 10-3 pCi Th-230/m3 , 7.5 x 10-4 pCi Ra-226/m3 , 
and 1.4 x 10-2 pCi Pb-210/m3 (Momeni and Kisieleski 1980). These concentra
tions are about one order of magnitude larger than those reported elsewhere in 
the United States; for example, 1.2 x 10-4 pCi U-238/m3 and 4.5 x 10-5 pCi 
Th-230/m3 for the Chicago area (Sedlet et al. 1973), 4 x 10-4 pCi U-238/m3 for 
regions of New York state (McEachern et al. 1971), and 0.8 x 10-4 pCi U-238/m3 

in New York City (Eisenbud and Petrow 1964). 

2.5.2.4 Airborne Concentration of Radon and Working Level 

Average airborne concentrations of radon (Rn-222) at selected locations away 
·from the Jackpile-Paguate mines are given in Table 2.7. The average background 

concentration for the Grants mining district is 4.08 x 102 pCi Rn-222/m3 , with 
seasonal variations from 2.47 x 102 pCi/m3 in the summer to 6.29 x 102 pCi/m3 

in the winter (Momeni et al. 1979). 

The average background outdoor working level (WL)** for the Grants mining 
district is 3.6 mWL, with a season variation from 2.5 mWL in the summer and 
spring to 4.9 mWL in the fall (Momeni et al. 1979). 

2.5.3.5 Gamma Exposure Rate 

The gamma exposure rates measured by use of a high-pressure ion-chamber have 
been reported as 11.5 ~R/hr at Laguna, 14.3 ~R/hr at Bibo, 11.5 ~R/hr at 
Mesita, and 11.9 ~R/hr at Moquino (Eadie et al. 1979). The average of these 
exposure rates is 12.3 ~R/hr. 

*The national standards for community water systems are 5 pCi/L for radium 
(40 CFR Parts 100 to 399), 4 x 104 pCi/L for U-238, and 3 x 104 pCi/L for 
U-235 and U-234 (10 CFR Parts 0 to 199). 

**One "working-level 11 (WL) is defined as any combination of short-lived radon 
decay products in one liter of air that will result in the ultimate emission 
of 1.3 x 105 MeV of alpha energy. Under secular radioactive equilibrium with 
Po-218, Pb-214, and Bi-214, 100 pCi Rn-222/L would produce one working level. 
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Table 2.6. Average Airborne Concentrations (pCi/m3 ) of Uranium 
(U-238), Thorium (Th-230), and Radium (Ra-226) in 

Composited Monthly Samples in the Mine Area 

Location U-238 Th-230 

Bibo 4.0 X 10-4 3.2 X 10-4 

Mesita 3.2 X 10-4 1.8 X 10-4 
Old Laguna 2.9 X 10-4 8.5 X 10-5 

Average 3.4 X 10-4 2.0 X 10-4 

Standards 
Soluble 3 0.08 
Insoluble 5 0.3 

From Eadie et al. 1979 

Table 2.7. Average Airborne 
Concentration of Radon-222 

in Air Samplest1 

Concentrationt2 
Location (pCi/m3 ) 

Old Laguna 5.1 (± 2.8) X 1Q2 
Laguna 5.1 (± 2.9) X 102 
Bibo 5.0 (± 2.3) X 102 

Mesita 4.7 (± 3.1) X 102 

Mesita 5.5 (± 4.7) X 102 

Moquino 5.4 (± 3.1) X 102 
Average· 5.0 (± 0.33) X 1Q2 

t 1 Based on 48-hour samples contin
uously collected in 30-L plastic 
sample bags (Edie et al. 1979). 

t 2 Errors are ± 2 standard deviations 
of counting statistics. 

Ra-226 

2.0 X 10-4 

3.4 X 10-4 

1. 7 X 10-4 

2.4 X 10-4 

3 
2 
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2.6 MINE-SITE LAYOUT 

The Jackpile-Paguate mining operation is located on about 3000 ha (7500 acres) 
of t~e Laguna Indian Reservation. The Jackpile ore body is 2.4 km (1.5 mi) 
long and more than 0.8 km (0.5 mi) wide. The Paguate ore body is 3.2 km 
(2 mi) long and about 0.6 km (0.4 mi) wide. 

Anaconda's operations consisted both of surface and subsurface mining. Surface 
mining (also called open-pit mining) is a dynamic process involving continual 
stripping of topsoil and overburden to expose and then remove the underlying 
ore deposits. A trench or box cut is made through the overlying material 
(overburden) to expose the ore. The ore and inclusive waste (protore) are 
taken from the pit and stockpiled. (Fig. 2.23 shows a typical waste pile.) 

Figure 2.23. Photograph of a Typical Waste Dump (Dump V) at the 
Mine Complex. (The Rio Moquino is in the extreme 
lower righthand corner of the photo.) 
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Often the overburden is removed from a stratum above the ore bed and is dumped 
into previously mined trenches or deposited on waste piles. In subsurface (or 
underground) mining, the ore and inclusive wastes are all relocated to the 
surface. Procedures that were used in the Jackpile-Paguate mining operations 
are detailed in the Anaconda Company•s mining and reclamation plan (Dames & 
Moore 1977). In the context of this discussion, the inclusive wastes are not 
differentiated from the protore, both referring to a level of ore quality less 
than 0.057% U3 08 • This cutoff level below which milling of the material may 
not be commercially profitable is not constant and depends on the market value 
of the uranium products. 

A schematic map of the disturbed areas of the Jackpile-Paguate mine complex is 
shown in Figure 2.24. (A topographic map of the same area was shown in Fig
ure 2.1.) A key to Figure 2.24 and a listing of the total surface areas and 
types of material at each location shown are provided in Table 2.8. A summary 
listing of the various disturbed areas is provided in Table 2.9. As shown in 
the table, the largest areas consist of open pits and waste dumps. 
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Table 2.8. Characteristics of Disturbed Land and Surface 
,, Materials in Jackpile-Paguate Mines I . . 

Site Area Type of Material on Surface 
Designationt1 (hectares) or Under Topsoilt2 

Dump A 9.3 Outer surface: mainly shales mixed with THS 
Dump B 28.7 Outer surface: mainly shales mixed with THS 
Dump C 8.5 Outer surface: THS mixed with some shales 
Dump D 5.7 Outer surface: THS mixed with some shales 
Dump E 4.9 Outer surface: THS mixed with some shales 
Dump F 29.5 Upper topsoil: mainly shale with some THS 

and JSS 
Dump G 19.8 Under topsoil: shales and JSS 
Dump H 2.8 Outer surface: mainly JSS and some shales 
Dump I 23.1 Under topsoil: shales mixed with JSS 
Dump J 6.1 Under topsoil: mainly JSS 
Dump K 8.9 Outer surface: mainly THS mixed with shales 
Dump l 23.5 Under topsoil: mainly shales mixed with THS 
Dump N 19.4 Outer surface: shales mixed with THS and JSS 
Dump N2 6.5 Same as N 
Dumps O,P,P1,P2 14.2 Outer surface: mainly THS with limited shales 
Dump Q 21.0 Outer surface: JSS mixed with some shales 
Dump R 5.7 Outer surface: shales mixed with some JSS 
Dump S 38.8 Under topsoil: THS with some shales 
Dump T 12.9 Under topsoil: JSS and some shales 
Dump U 24.7 Outer surface: JSS and some shales 
Dump V 20.6 Outer surface: JSS, shales and THS 
Dump W 2.8 Outer surface: THS and shales 
Dump X 3.6 Under topsoi 1: JSS and some shales 
Dump Y 12.1 Outer surface: JSS, some shales and THS 
Dump Y2 6.1 Under topsoil: JSS and some shales 
South Dump 70.8 Outer surface: shales and THS on slopes 
FD-1 67.0 Outer surface: shales with JSS and THS 
FD-2 10.1 Outer surface: shales mixed with THS 
FD-3 4.0 Outer surface: JSS, some shales and THS 
17BC 6.1 JSS 
6A 6.9 JSS 
68 3.6 JSS 
J1 3.6 JSS 
J2 3.2 JSS 
17D 1.2 JSS (shipped to mill) 
18 3.6 JSS 
2C 4.9 JSS 
10 or 10D 1.2 Igneous dike associated with JSS 
2D 2.4 JSS 
1C 2.0 JSS 
1A 8.1 JSS 
2E 1.2 JSS 
SP-1 3.6 JSS 
PLG 1.2 JSS 
4-2 3.2 JSS 
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Table 2.8. Continued 

Site Area Type of Material on Surface 
Designationt1 (hectares) or Under Topsoilt2 

SP-2 4.9 JSS 
SP-28 0.8 JSS 
TS-1 8.5 THS 
TS-2A 2.0 THS 
TS-28 2.4 THS 
TS-3 7.7 THS 
Borrow Site 17.4 THS 
Jackpile Pit 
• North Pit 64.3 Outer surface: mixed JSS and shales 
• Central Pit 63.9 Outer surface: mixed JSS and shales 
• South Pit 63.9 Outer surface: mixed JSS and shales 
N. Paguate Pit 
• West Pit 19.0 Outer surface: mixed JSS and shales 
• Central Pit 19.0 Outer surface: mixed JSS and shales 
• East Pit 19.0 Outer surface: mixed JSS and shales 
S. Paguate Pit 
• West Pit 54.2 Outer surface: mixed JSS and shales 
• Central Pit 53.8 Outer surface: mixed JSS and shales 
• East Pit 53.8 Outer surface: mixed JSS and shales 
Housing 7.7 Outer surface: mainly THS 
Shop 6.9 Outer surface: mixed JSS, shales and THS 
Old Shop 1.6 Outer surface: mixed JSS, shales and THS 
P-10 Adit Area 1.2 Outer surface: mixed JSS, shales and THS 
Pit Office Area 0.8 Outer surface: mixed JSS, shales and THS 
Park Lot SP1 3.6 Outer surface: JSS mixed with shales 
Park Lot SP2 4.9 Outer surface: JSS mixed with shales 
Rail Spur & . 
Roads 50.1 Outer surface: mixed JSS, shales and THS 

t 1 See Figure 2.24 for map of site locations. 
t 2 THS--Tres Hermanos Sandstone; JSS--Jackpile Sandstone. 
Based on information provided by Anaconda Minerals Co. 
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Table 2.9. Summary of Surface Area of Excavated and 
Disturbed Areas on Jackpile-Paguate Mine Complex 

Open Pit Areas Excavated 
Jackpile 
North Paguate 
South Paguate 

Waste Dumps 
Jackpile area dumps 
North Paguate area dumps 
South Paguate area dumps 

Topsoil Stockpiles on Natural Ground 
TS-1 
TS-2 

Ore and Pr.otore Stockpiles on Natural Ground 
Jackpile area piles 
North Paguate area piles 
South Paguate area piles 

Other Features on Natural Ground 
General area disturbance (includes 

buildings, etc.) 
Roads 
Rail spur and miscellaneous areas 

Modified from Anaconda Co. (1980). 

TOTAL 

Area 
(hectares) 

192 
57 

160 

409 

290 
77 

144 

511 

8.5 
4.5 

13 

30 
18 
14 

62 

27 
36 
15 

78 

1073 
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3. ANALYSIS OF PATHWAYS OF EXPOSURE 

3.1 INTRODUCTION 

Although mining activity at the aackpile-Paguate complex has stopped, humans 
continue to be exposed to the radioactive materials remaining on the site. 
The magnitude of future exposure from these sources will depend upon the 
degree to which the reclamation procedures that are implemented will prevent 
release of radioactivity to the principal pathways of migration--the atmosphere 
and the hydrosphere. 

There are two basic types of radiation exposure--internal and external. 
Internal exposure results from inhalation of airborne radionuclides and inges
tion of contaminated food and water, and external exposure results from 
exposure to gamma and beta radiations emitted, for example, from airborne 
materials, from surfaces of ore and waste remaining on the site, and from the 
airborne radionuclides deposited on the ground (Fig. 3.1). 

The principal mechanisms for release of radioactivity into the atmosphere from 
the disturbed mine sites are fugitive dusting of the materials from the surface 
and exhalation of radon through the surface cover. Inhalation of the airborne 
radionuclides by humans results in irradiation of the lungs and other organs. 
Deposition of airborne materials on soil and forage contributes to the contami~ 
nation of food (in this case, meat from livestock grazed on contaminated 
forage). Additionally, the airborne radionuclides are a source of direct 
gamma radiation. 

Groundwater can become contaminated from percolation of precipitation through 
the waste piles and from recharge by contaminated surface water. Contamina
tion of surface water can result from seepage of contaminated groundwater into 
the surface water and by runoff of precipitation that has fallen on waste 
piles and other contaminated surfaces. Other potential sources of contamina
tion are ponding of groundwater within the mine pits and collection of rainwater 
behind the blocked arroyos on the site (Sec. 2.3). 

A schematic diagram showing possible pathways for contamination of water 
passing through the site is presented in Figure 3.2. Such contaminated water 
can contribute to human radiation exposure both directly (e.g., ingestion of 
contaminated drinking water by humans) and indirectly (e.g., ingestion of 
contaminated water by livestock subsequently consumed by humans). 

Under the no-action dec~mmissioning alternative (Alternative A, as described 
in Appendix A), there would be no reclamation of the site, and mining could be 
resumed in the future. The subgrade ores and wastes would remain on the site, 
and open-pit mines would not be backfilled. Thus, even though public access 
to the site would be controlled, atmospheric and hydrospheric transport of 
radioactive material beyond the site boundary would continue. Grazing of 
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Figure 3.1. Sources of Radioactive Effluents from the Mines and Exposure Pathways 
to Humans. (In the analysis of pathways of exposure, each of the 
sources and routes of transport of radioactivity depicted in this 
figure was considered.) 
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Figure 3.2. Schematic Diagram of Contamination 
of Water Passing through the Mine Site. 
(The arrows from outside of the site 
boundary represent surface water and 
groundwater entering the mine site. 
All of the routes of hydrological 
transport depicted in this figure 
were examined.) 

livestock on the site ·would not be permitted under the no-action case, but 
ground deposition of airborne material on grazing lands beyond the boundaries 
would not diminish. Under all other alternatives except Alternative B, the 
open pits would be backfilled, and the disturbed surfaces and waste piles 
would be covered with a layer of soil. The processes of fugitive dusting and 
surface runoff of radioactive materials would thus be controlled, and the 
potential for human exposure reduced. 

Analyses of the potential radiological exposures after implementation of the 
alternative methods of decommissioning are summarized in this chapter. The 
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discussion of exposure pathways is divided into two sections--Atmospheric 
(Sec. 3.2} and Hydrologic (Sec. 3.3}. Radiation doses are discussed in Sec
tion 3.4, and population dose commitments in Section 3.5. The elements of 
analysis are outlined schematically in Figure 3.3. More detailed discussions 
of analyses and/or more detailed results are presented in Appendices B through 
D. 

Alternative Methods of Decommissioning 

Figure 3.3. Elements of Analysis of Radiological Impacts 
Resulting from Selection of Alternative 
Methods of Decommissioning of the Jackpile
Paguate Mine Complex. 

Radionuclides in the uranium-238 decay series are the primary sources of 
radioactivity from the residual material at the mine complex. The specific 
radionuclides of concern relative to exposure of humans are uranium (U-238, 
U-234}, thorium (Th-230}, radium (Ra-226}, lead (Pb-210}, polonium (Po-210}, 
and radon (Rn-222}. The concentrations of the radionuclides in the U-235 

_decay series and the Th-232 decay series are small in comparison with those in 
the U-238 series and thus are not considered here. 

In these analyses, mineralized materials on the site are considered in two 
categories: (1} protore (material containing more than 0.02% equivalent U3 08 ) 
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and (2) radioactive materials* (material containing more than 5 pCi/g of any 
of the radionuclides in the uranium series). In materials that are not 
mineralized (i.e., contain activity less than 5 pCi/g of any of the radio
nuclides), such as overburden, the concentrations of radionuclides are com
parable to those in natural soil in areas adjacent to the mine complex. 

3.2 ATMOSPHERIC PATHWAYS 

3.2.1 Introduction 

Analysis of the atmospheric pathways of exposure for each of the suggested 
decommissioning alternatives includes characterization of the sources of 
atmospheric release, estimation of the rates of release of particulates (U-238, 
Th-230, Ra-226, Pb-210, Po-210) and of radon (Rn-222), and calculation of 
airborne concentrations and surface activities of the radionuclides. 

The analyses summarized here are based on a review of data obtained from the 
Anaconda Company, the Department of the Interior, an aerial gamma survey of 
the mine site by EG&G, and other published data and resources. The Argonne 
National Laboratory Uranium Dosimetry and Dispersion (UDAD) computer code 
(Momeni et al. 1979) was used for the calculations. For comparison, the 
airborne concentrations of radon were also calculated using the U.S. Environ
mental Protection Agency•s Industrial Source Complex (ISC) Code (USEPA 1979). 

3.2.2 Characterization of the Sources of Atmospheric Release 

Characteristics of disturbed land and surface materials at the Jackpile-Paguate 
mines were described in Section 2.6. The specific activity of uranium measured 
in composite samples collected from each disturbed mine area and the surface 
area of each are listed in Table 3.1.** 

The total surface area of the indentified disturbed lands is 1132 ha (2797 ac). 
The average specific activity of uranium in the Jackpile sandstone materials 
remaining on the mine site is about 70 pCi/g, and the average specific activity 
of uranium in the materials obtained from Tres Hermanos sandstone is about 

*The term 11 radioactive material 11 often is used in a broad sense to refer to 
those,.materials,containing radioactivity in excess of that occurring in the 
natural environment of a region. In these analyses, however, the term is 
used in reference to those materials containing a specific activity in excess 
of the EPA 1 s proposed limit of 5 pCi Ra-226/g (USEPA 1982). 

**The average specific activity of each of the other radionuclides in the 
uranium decay series (U-234, Th-230, Ra-226, Pb-210, and Po-210) in most 
of the samp 1 es co.ll ected ·from the Jackpi 1 e sandstone was about the same as 
that of U-238 (Momeni 1981, 1982a, 1982b). Thus, we assumed that these 
radionuclides were in secular radioactive equilibrium in the Jackpile 
sandstone. 
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Table 3.1. Areal Extent, Activityt1 of Uranium, and Rates of 
Radon Release from the Surface of Source locations 

Specific 
Area Activity Radon Release 

Sitet2 {hectares) {pCi U-238/g) Ratet3 (Ci/yr) 

Dump A 9.3 1.6 2.3 
Dump B 28.7 1.0 4.5 
Dump C 8.5 0.9 1.2 
Dump D 5.7 1.4 1.3 
Dump E 4.9 0.5 0.4 
Dump F 29.5 1.4 6.5 
Dump G 19.8 2.0 6.2 
Dump H 2.8 49.7 21.9 
Dump I 23.1 3.5 12.7 
Dump J 6.1 3.6 3.5 
Dump K 8.9 6.9 9.7 
Dump l 23.5 1.9 7.0 
Dump N 19.4 15.0 45.9 
Dump N2* 6.5 75.0 76.9 
Dump O,P,P1,P2 14.2 1.6 3.6 
Dump Q* 21.0 60.0 198.7 
Dump R 5.7 4.0 3.6 
Dump S 38.8 1.0 6.1 
Dump T 12.9 1.4 2.8 
Dump U 24.7 11.6 45.2 
Dump V 20.6 4.7 15.3 
Dump W 2.8 0.9 0.4 
Dump X 3.6 6.5 3.7 
Dump Y 12.1 11.3 21.6 
Dump Y2 6.1 1.5 1.4 
South Dump 70.8 1.8 20.1 
FD-1 67.0 1.0 10.6 
FD-2 10.0 16.0 25.2 
FD-3 4.0 5.0 3.2 
17BC* 6.1 75.0 72.1 
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Table 3.1. Continued 

Specific 
Area Activity Radon Release 

Sitet2 (hectares) (pCi U-238/g) Ratet3 (Ci/yr) 

East 53.8 8.5 72.1 
Housing 7.6 3.0 3.6 
Shop 6.8 8.5 9.1 
Old Shop 1.6 13.5 3.4 

P-10 Adit Area 1.2 43.0 8.1 

Pit Office 0.8 11.0 1.4 
Parking Lot 
at SP-1 2.8 20.0 8.8 
Parking Lot 
at SP-2 4.8 12.5 9.5 
Rail Spur 50.0 65.0 512.5 
Roads 35.2 11.9 66.0 

Total 1132 5587.8 

t 1 The data on specific activity and surface areas were provided by 
Anaconda Minerals Company. The data do not include the ore piles 
and protore intended for shipment to Anaconda's mill for processing. 

t 2 Sites identified with an asterisk (''llc11
) are classified in this 

report as consisting of protore [material containing U308 in con
centrations exceeding 0.02% (55 pCi U-238/g)]. Locations of sites 
are shown in Figure 2.24. 

t 3 Based on a specific flux of (0.5 pCi/m2•sec Rn-222)/(pCi Ra-226/g). 

1.5 pCi/g.llc The specific activity of materials consisting mainly of shales 
mixed with some Tres Hermanos sandstone is about the same as Tres Hermanos 
sandstone alone. Data indicate that the only material with a specific activity 
of uranium exceeding that of natural background is the Jackpile sandstone. 
The specific activity of waste piles that consist of mixtures of Jackpile 
sandstone and the other, nonmineralized materials is more variable than the 
specific activity of those waste piles consisting of Tres Hermanos sandstone 
and shale mixtures. 

For the purpose of analysis, the mine complex was divided into three groups of 
emission sources: Jackpile source, wastepile source, and Paguate source. 

_llcCalculated on the basis of the average specific activity and the surface area 
of each of the individual types of mine waste. Calculation of the total aver
age specific activity for the mine wastes on the basis of the volume and 
individual specific activity of each type of waste material is not readily 
feasible because neither the total volume nor the specific activity is known. 
The specific activities of the composite samples may be in error by as much 
as a factor of two. 
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Each group was then geographically subdivided into subgroups: north and south 
Jackpile, north and south Paguate, and north, east, southeast, and south waste 
piles.* The boundaries of these subgroups are shown in Figure 3.4. The 
Jackpile and Paguate source groups do not consist exclusively of pits, they 
also include adjacent waste dumps. It was assumed that there would be secular 
radioactive equilibrium of the radionuclides in the soil and ore; therefore, 
the average specific activity of U-238 at each site is considered equivalent 
to the specific activity of U-234, Th-230. Ra-226, Pb-210, and Po-210. 

3.2.3 Rate of Release of Radioactivity into the Atmosphere 

The annual rates of release of particulates and radon into the atmosphere from 
each subgroup source of emissions were calculated for each decommissioning 
alternative. 

3.2.3.1 Particulates 

Alternative A 

Under Alternative A (No-Action Case), a protective soil cover would not be 
placed on the disturbed surfaces, and wind erosion of exposed radioactive 
materials would continue. The rates of release of particulates into the 
atmosphere calculated for these conditions are given in Table 3.2. These 
rates were calculated from wind erosion formulation incorporated in the UDAO 
code (Momeni et al. 1979). 

Alternatives B-D 

Because the mine site is located in an arid region with sparse natural vegeta
tion, the surfaces are subject to dusting and wind erosion. Covering of the 
radioactive surfaces on the mine site with soil as would be done under Alterna~ 
tives B through D would not eliminate wind erosion, but such erosion would not 
·be expected to result in atmospheric release of radioactive materials from the 
mine site as long as the integrity of the protective surfaces was maintained. 
Thus, in these analyses, radioactive particulate releases have been estimated 
only for Alternative A: 

3.2.3.2 Radon 

Alternative A 

The calculated average rates of release of radon from each of the subgroup 
sources of emission are listed in Table 3.3. These values are based on an 
average specific flux of 0.5 (pCi Rn-222/m2 ·sec)/(pCi Ra-226/g). The total 
rate of release of radon from the mine site is calculated at 5586 Ci Rn-222/yr. 
Of the total rate of release of radon, 3915 Ci/yr (70%) is released from 
materials classified as protore (Table 3.1), 1382 Ci/yr (25%) from materials 

"' 

*The area of each subgroup is equivalent to the area of the individual waste_ 
piles. For example, waste piles H and GA are included in the southeast 
dump subgroup (Fig. 3.4), even though they are outside of the squared boundary. 
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Table 3.2. Average Rate of Release of Particulates into 
Atmosphere under Decommissioning Alternative A 

Area Release Ratet3 Percentage of 
Subgroupt 1 (hectares)t2 (Ci/yr) Total Rate 

North Jackpile 105 
South Jackpile 105 
North Paguate 90 
South Pagute 210 
North Waste Dump 245 
East Waste Dump 80 
Southeast Waste Dump 60 
South Dump 95 

t 1 See Figure 3.4 for locations. 
t 2 1 hectare = 1 x 104 m2 

0.38 
0.38 
0.067 
0.063 

0.068 
0.017 
0.044 
0.005 

t 3 For each of the radionuclides U-238, U-234, Th-230, Ra-226~ 
Pb-210, and Po-210. 

Table 3.3. Estimated·Rate of Releaset1 of Radon 
(Ci Rn-222/year) from Each Subgroup Source of 

Emissions for Decommissioning 
Alternatives A and B 

36.4 
36.4 
4.6 

11.5 
5.8 
1.8 
1.3 
2.3 

Subgroup Alternative A Alternative B 

North Jackpile 2073 1223 

South Jackpile 2073 1223 

North Paguate 365 215 

South Paguate 344 203 

North Waste Dump 369 218 

East Waste Dump 94 55 

Southeast Waste Dump 244 144 

South Waste Dump 26 15 

Total 5588 3296 

t 1 Based on specific flux of ~s = (0.5 pCi Rn-222/m2 ·sec)/ 
(pCi Ra-226/g). 
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classified as radioactive but less so than protore, and the remainder (5%) 
from soil, with specific activities of less than 5 pCi U-238/g. Thus, the 
total release rate attributable to mineralized materials (specific activity in 
excess of 5 pCi U-238/g) would be 5309 Ci Rn-222/yr, or 95% of the entire 
radon release rate. 

Alternative B 

Under decommissioning Alternative B, all disturbed areas would be covered with 
30 em (1 ft) of top soils. The average specific activity of these soils is 
about 1.5 pCi Ra-226/g (range of 0.1 to 1.9 pCi/g). After decommissioning, 
the total radon release rate from the site would be about 3296 Ci/yr above the 
release rates from natural background (Table 3.3). As shown, the 30 em of 
soil cover would reduce radon flux values to 59% of those calculated for 
Alternative A. 

Alternatives C1-D 

Under Alternatives C1 through 0, a total of 150 em (5 ft) of soil would be 
placed over all mineralized materials containing an average specific activity 
of U-238 in excess of 5 pCi/g (protore, waste piles containing Jackpile sand
stone on their outer surface, and open pits). Similar to Alternative B, all 
the other disturbed areas would be covered with 30 em (1 ft) of topsoil. 

A surface soil cover of 150 em would reduce radon flux to 7% of the flux from 
uncovered protores. Since 95% of radon released from the entire mine site 
(5309 Ci/yr) is released from the mineralized materials, after reclamation the 
total radon release rate from these sites would decrease to 372 Ci/yr. The 
remaining radon released from the mine site (5588 Ci/yr - 5309 Ci/yr = 279 Ci/ 
yr) would be reduced to 59% (165 Ci/yr). Thus, the total radon released above 
the natural background from the mine under each of the Alternatives C1 through 
D would be 444 Ci/yr (8% of the values calculated for Alternative A). Calcula
tion of radon release rate from the pits is not readily feasible at this time 
since the depth of soil cover added will be determined by the groundwater 
recovery level (see Appendix A). However, it is surmised that after decommis
sioning, the depth of cover at some locations may exceed 150 em, and the total 
radon release rate would be less than 8% of the Alternative A values. 

3.2.4 Concentrations of Airborne Radionuclides 

Based on the release rates specified above, airborne concentrations of parti
culates (U-238, Th-230, Ra-226, Pb-210, and Po-210) and radon (Rn-222 and 
working level) were calculated for 25 locations. These locations include 
towns within 80 km (50 mi) of the mine comp 1 ex, four monitoring stations 
maintained by the Anaconda Company, and four points representing the approximate 
centers of four grazing ranges around the site (north, south, east, and west 
ranges). Results for selected locations are presented below; results for all 
25 locations are given in Appendix D. 

3.2.4.1 Particulates 

Releases of radioactive particulates would occur only under Alternative A 
(No-Action Case). The total concentration of particulates in air from all of 
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the sources calculated for Alternative A conditions is given in Table 3.4 for 
15 locations on and around the mine site. The concentrations listed represent 
''Jmposite values based on calculations of particulates released into the 

.nosphere from the mine site and from the resuspension of material previously 
--~posited on the ground. The concentrations are given for the radi onucl ides 
U-238, Pb-210, and Po-210. The concentrations of U-234, Th-230, and Ra-226 
each waul d be the same as that of U-238. The concentrations of Pb-210 are 
Po-210 are slightly higher than those of U-238 because of the contributions 
from radioactive decay of radon. 

The highest concentrations of particulates listed (about 2.7 x 10-3 pCi/m3 ) 

are at the Jackpile housing, the only residential housing pn the mine site. 
The particulate concentrations at Paguate, the nearest towri~to the mine site, 
were calculated to be about 9.7 x 10- 4 pCi/m3 . (A photograph of the nearest 
residence in Paguate to the mine is shown in Fig. 3.5.) The concentrations of 
airborne particulates are shown in Figure 3.6 at various distances from the 
confluence of Rio Paguate and Rio Moquino on the mine site. The concentrations 
are shown for five directions--north, east, south, west, and south-southeast. 
The latter is the direction of maximum transport of the particulates, as based 
on the concentration of radon at 20 km (12 mi). It is indicated in Figure 3.6a 
that for distances less than 3 km (2 mi), the concentration of U-238 is higher 
to the east than in the direction of maximum transport. This is due to the 
large surface area of the mine, the east-west orientation of the mine layout, 
and the fact that the emissions from the Jackpile source group are larger than 
those from other areas on the mine camp lex. Figure 3. 7 shows i sop l eths 
(lines of equal concentration) of Ra-226 in air. The concentrations are 
expressed as logarithms of the ratio of Ra-226 concentration to the maximum 
permissible body burden for radium. A three-dimensional representation of 
these isopleths is given in Figure 3.8. 

, .~ ' 

Figure 3.5. Nearest Offsite Residence to the Mine Complex, 
a House in the Eastern Portion of Paguate. 
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Table 3.4. Total Airborne Concentration (pCi/m3 ) of Particulates Radon, and 
Working Level Calculated for Alternative A Conditionstl 

t4 mWL = O.OOlWL 

CONFIDENTIAL POL-EPA01-0007718 

I 



,> 

: 
'i 

3-15 

, - ~--------~----~-------+ 
JACKPIL£ -PAGUATE MINIS JACKPILE -PAGUATB WIND 

Tc -
~'c e-
........ 

't's -.!:To .... 
8 = 157.5 , = 157.5 

.S'c -
'c 'c --

LEGEND 
D=8 
•=N •=E •=S 
•=W 

'c~~nn~~rT~mr~~~~ 
-,o~ id td 

LEGEND 
D=fl 
a=N 
•=B •=S 
•=W 

~~~~~~~Tmr-~~~ 
-,0~ 

Distance (km) 

a. U-238 

8 = 157.5 
LEGEND 

D=8 
a=N 
•=E •=S 
•=W 

ld td 
Diatance (km) 

c. Po-210 

b. Pb-210 

Figure 3.6. Calculated Concentrations of Particulates in the Air at 
Various Distances from the Mine Complex under Alterna-
tive A Conditions. [The concentrations for U-234, Th-230, 
and Ra-226 each would be the same as for U-238 (Fig. 3.6a). 
The direction e (157.5°) in the graphs is the south-southeast, 
the direction of maximum transport.] 
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Figure 3.7. Concentration Isopleths for Airborne Ra-226 
within 80 km of the Mines. (Numbers equal 
log [(pCi Ra-226/m3 )/maximum permissible 
concentration of Ra-226 (pCi/m3 )].) 

Figure 3.8. Three-Dimensional Depiction of the Ra-226 
Concentrations shown in Figure 3. 7. -
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3.2.4.2 Radon and Working Level 

Alternative A 

Based on the UDAD code, the concentration of radon at the Jackpile housing is 
estimated to be 110 pCi/m3 (Table 3.4). The highest concentration of radon in 
air among the offsite towns listed in the table is 44.9 pCi/m3 at Paguate. 
The concentrations of radon in air are shown in Figure 3.9 as a function of 
distance from the confluence of Rio Paguate and Rio Moquino for five directions-
north, south, east, west, and south-southeast (the direction of maximum transport 
as based on the con~entration of radon 20 km from the mines}. 

Figure 3.9. 

'= 1~7~ 
LmEND 

D=f 
A=N 
•=E •=S 
•=W 

Concentrations of Rn-222 in 
Air at Various Distances from 
the Mines. (Calculated Using 
UDAD Code.} 

Radon concentration was also calculated using the ISC code (EPA 1979} for the 
same meteorological conditions and source emissions (Table 3.4). The data 
indicate that the ISC code calculations are 20% higher than those for the UDAD 
code.* The -working level (WL), a measure of potential exposure to alpha 
radiation from the short-live~ decay products of radon (Po-218 and Po-214},** 
also is shown in Table 3.4. 

*The relationship between the two sets of concentrations is given by: UDAD ~ 
0.0397 + 0.8301 (ISC) + 0.0014 (ISC)2 . The parameters for this polynomial 
were calculated using a least-squares technique. 

**One working level (WL) is defined as any combination of short-lived radon 
decay product concentrations in one liter of air that will product 1.3 x 
105 MeV of alpha energy in their complete decay to Pb-210. 
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Alternatives B-0 

Surfaces of radioactive materials would be covered with 30 em (1 ft) of soil 
for Alternative B, and with 180 em (5 ft) of soil over the mineralized materials 
(protore, waste piles, and pits) for Alternatives C1-0. The airborne concentra
tions of radon and radon decay products (working level) calculated from the 
release rates given in Section 3.2.3 are listed in Table 3.5 for selected 
locations. The concentrations and working levels under Alternative B and 
Alternatives C1-0 would be 59% and 8%, respectively, of the values calculated 
for Alternative A. The 8% value is numerically equivalent to a radon flux 
from the covered surface releasing about two times natural background in the 
region. Furthermore, the concentrations are small fractions of the background 
concentration of about 500 pCi Rn-222/m3 (Table 2.7) and the background working 
level of 3.6 mWL (Sec. 2.5.2.3). 

Table 3.5. Total Airborne Concentration of 
Radon and Working Level Calculated for 

Alternatives B-Ot1 

Locationt2 Alternative B Alternat-ive C-D 

Concen- Working Concen-
Identification trationt3 Level tiont3 _ 

Identification X(km) y(km) (pCi/m3 ) (mWL)t4 (pCi/m3 ) 

Bibo -2.0 3.0 19 0.2 7.4 
Casa Blanca -10.0 -10.0 2.5 0.023 1.0 
Jackpile-Housing 0.0 -0.2 6.5 0.21 25 
laguna and Encinal -5.0 10.0 8.1 0.071 3.7 
Monitor at Dump F 2.7 0.0 48 0.18 18.7 
Monitor at Well 4 -0.7 2.3 36 0.19 14.0 
Monitor at West Side -2.0 0.7 61 0.12 23.8 
Monitor at Mine Vent -3.3 -2.2 17 0.10 6.6 
Moquino -1.5 5.0 28 0.18 10.9 
Paguate 3.0 1.0 26 0.11 10.1 
Seboyeta 0.0 10.0 7.7 0.063 3.0 

t 1 Concentrations were calculated with the UDAO code for the 99th year 
following decommissioning. Natural background is not included. 

Working 
Level 

(mWL)t4 

0.047 
0.009 
0.081 
0.028 
0.070 
0.074 
0.047 
0.039 
0.070 
0.043 
0.025 

t 2 The 11
X

11 axis represents east-west, with a negative sign indicating west; 
the 11Y11 axis represents north-south, with a negative sign indicating 
south. ~he .origin of this coordinate system (x=O, y=O) is the con
fluence of two rivers, Rio Paguate and Rio Moquino, at the approximate 
center of the mine complex. 

t 3 All concentrations are pCi Rn-222/m3 • 

t• mWl = 0.001 working level (WL). 
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3.2.5 Surface Activity from Ground Deposition of Particulates 

The estimated total activity of·U-238 on the ground after 99 years of deposi
tion of particulates from the mine complex is shown in Table 3.6 for 15 loca
tions on and around the site under Alternative A conditions.* Since it was 
assumed for this report that the radionuclides in the Jackpile ore are in 
secular radioactive equilibrium, the total activity of each radionuclide 
deposited, except for Po-210 and Pb-210, would equal that of U-238. The acti
vities of Po-210 and Pb-210 would be larger because of the contribution from 
the radioactive decay of radon. 

The activities of the surface-deposited radionuclides are shown in Figure 3.10 
as a function of distance from the confluence of Rio Paguate and Rio Moquino. 
The highest activity among the towns listed in Table 3.6 is the 44,700 pCi 
U-238/m2 at Paguate. For the same 99-year period, the deposition at the 
Jackpile housing area would be 176,000 pCi U-238/m2 • The measured specific 
activity of U-238 at the Jackpile housing now is 3 pCi/g (Table 3.1). Conver
sion from surface activity (in pCi/m2 ) to concentration (in pCi/g) is not 
readily feasible because of the variable depth of intermixing of the deposited 
materials in the upper soil, both by natural forces and mechanical actions. 
In absence of such mixing, the concentrations could be estimated from the 
density of uranium oxide (8. 3 g/cm3 ) to be about 2 pCi U-238/g of U308 • 
However, because of intermixing with the dust particles, the concentration 
would be less than 2 pCi U-238/g of soil. This calculated specific activity 
does not include the natural background concentration of uranium in soil. 

3.3 HYDROSPHERIC PATHWAYS 

3.3.1 Introduction 

The principal hydrologic pathways of potential radiation exposure in the 
vicinity of the Jackpile-Paguate mines are direct ingestion of contaminated 
water and, indirectly, ingestion of meat from livestock that drink contaminated 
water. The other hydrologic routes shown in Figure 3.1 are not considered as 
potential pathways of exposure in this region of New Mexico. 

A potential exists for contamination of both groundwater and surface water 
with radionuclides in the materials on the mine site. At present the source 
of potable water in the area within 20 km (12 mi) of the mine is groundwater. 
However, surface waters from the Rio Moquino and Rio Paguate (which pass 
through the mine) are impounded in the Paguate Reservoir about 6 km (4 mi) 
south of the mine site. Water in this reservoir is drunk by livestock. 

3.3.2 Groundwater 

Because of the relatively slow rate of migration of solutes in groundwater in 
most of the southwestern region of the United States, existing concentrations 
of radionuclides in groundwater in the towns adjacent to the Jackpile-Paguate 
mines could provide an estimate of the equilibrium concentrations of the 
radionuclides--an equilibrium between the solute and the radionuclides in the 
rock matrix established during the periods before mining. These naturally 

*Particulate emis~ions would be eliminated under Alternatives B-D. 
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Table 3.6. Total Activity of U-238 on the 
Ground after 99 Years of Deposition 

of Airborne Particulates from 
Jackpile-Paguate Mines 

location 

Bibo 
Casa Blanca 
Jackpile-Housing 
laguna and Encinal 
Monitor at Dump F 
Monitor at Well 4 
Monitor at West Side 
Monitor at Mine Vent 
Moquino 
Paguate 
Seboyeta 
Range North 
Range South 
Range East 
Range West 

e = 157.5 
LEGEND 

D=8 
A=N 
IC=E 
•=S 
•=W 

a. U-238 

ld 

Surface Activity 
(pCi U-238/m2 ) 

10,100 
2,120 

176,000 
1,570 

131,000 
23,100 

129,000 
43,400 
7,830 

44,700 
2,130 

10,200 
14,800 

105 
2,180 

' = 157.5 
LEGEND 

D=8 
•=N 
•=E 
•=S 
•=W 

b. Pb-210 

Figure 3.10. Calculated Concentrations of U-238 and Pb-210 on the Ground 
under Alternative A Conditions. (U-234, Th-230, and Ra-226 
concentrations each would be the same as for U-238, and the 
concentration Po-210 concentration would be the same as for 
Pb-210.) 
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occurring concentrations are from dissolution of the radionuclides from the 
host rock into the water and resorption and removal of the radionuclides by 
rocks. It is assumed that the climatic and hydrologic patterns existing today 
have been relatively stable throughout at least most of the past several 
thousand years. It thus can be surmised that the existing concentrations are 
in a large part a reflection of the past interactions between the water and 
the mineralized Jackpile host rock. 

In the immediate area of the mines, the mining operations have probably altered 
the equilibrium ratio of the solute between the host rock and water because of 
the alteration of the water-flow patterns and physical changes in the host 
rock. A large volume of groundwater has been removed during the mining process 
by (1) pumping from underground mines, (2) evaporation from exposed groundwater
bearing strata, and (3) use of water to spray mine roads for control of dust. 
However, because of the low rate of water flow and the slow rate of migration 
of radionuclides, the influence of mining on groundwater may not be observed 
off the site for a long period of time. 

The concentration of radionuclides in the groundwater is dependent on ground
water level, amount of mineralized rocks, and mobility of the radionuclides. 
With the cessation of mining, groundwater recovery on the mine site would 
eventually increase the groundwater level to near that existing before mining. 
The removal of the mineralized rocks has reduced the amount of mineralized 
source material available for migration. The limited available data suggest 
that oxidation of the residual mineralized rocks still remaining on the mine 
site, and reduction of the aggregate sizes, has enhanced mobility of the 
radionuclides. These factors could produce a potential source of radionuclides 
for migration. Because of this possibility, an upper limit of concentration 
of radionuclides in groundwater was calculated. 

Groundwater flows from recharge areas on the slopes of Mount Taylor toward the 
valleys below, from impounded water behind the blocked arroyos locally at the 
mine site, and possibly from direct infiltration of rainfall. The nearest 
town, Paguate, is west-northwest of the site. The concentration of Ra-226 in 
groundwater at Paguate is less than 10% of the maximum permissible concentration 
limit (5 pCi/L) established by the U.S. Environmental Protection Agency, as 
indicated in Section 2.3. The general direction of groundwater flow (Fig. 2.15) 
indicates that contamination of the potable water at Paguate from mine sources 
would not be expected under present water-use conditions. However, despite 
this expectation, wells between the town and the mine site should be monitored 
for radionuclides after reclamation. 

The nearest use of groundwater for potable supplies south of the mine site is 
at the town of Laguna, about 10 km (6 mi) south of the southern mine boundary. 
It was shown in Section 2.3 that the concentration of Ra-226 in the groundwater 
supplies at Laguna are less than 6% of the U.S. Environmental Protection 
Agency•s maximum permissible concentration limit. Potential impacts of mine 
sources on the quality of groundwater at Laguna are discussed below. 

CONFIDENTIAL 

3.3.2.1 Alternative A 

Radionuclide concentrations in groundwater between the southern boundary of 
the mine complex and the town of Laguna were calculated as a function of time 
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and distance for the most mobile (Ra-226) and least mobile (Th-230) radio
nuclides. Because the structure and characteristics of soi 1 s between the 
mines and the town are not documented, the analysis was limited to estimation 
of the upper and the lower limits of concentrations. The model and assump
tions used for the analysis and the input data are described in Appendix C.2. 
The potential recharge of groundwater by surface water impounded in Paguate 
Reservoir and any resulting effects on the quality of the groundwater supply 
at the town of Laguna were not investigated. 

In these analyses, the subsurface medium was assumed to be homogeneous, iso
tropic, and unbounded in the horizontal plane in the direction of groundwater 
flow, but vertically bounded by an impervious base. In the first analysis 
(upper-limit condition), interactions between the dissolved radionuclides and 
the soil medium were not considered (resorption was assumed to be negligible). 
The worst condition of solute transport was predicted. In the second analysis 
(lower-limit condition), interactions between the radionuclides and the soil 
medium were taken into account. In all cases, the concentrations were calcula
ted as a function of time up to 1,000,000 years and within an aquifer assumed 
to be confined. Since detailed data on regional groundwater flow are not 
available, for conservatism the direction of flow was assumed to be directly 
from the mines toward Laguna. Radiation decay of the radionuclides during 
migration from the mine site was accounted for in the calculations. 

Figure 3.11 is an isoplot (a map showing lines of equal concentrations) of 
normalized* Ra-226 concentrations at 5000 years following reclamation, con
structed under the assumption that there is.no resorption. In the coordinate 
system used, 11 X11 is distance along the direction of groundwater flow and 11Y11 

is distance transverse to the direction of flow. The flow was confined to a 
region only 1500 m wide and parallel to the y-axis. The concentrations were 
normalized to the concentration of Ra-226 in groundwater at the southern 
boundary of the mines (distance x = 0). The average measured concentration of 
Ra-226 in the monitoring wells at the perimeters of the mine is less than 
5 pCi Ra-226/L (Table C.1 Appendix C). Calculated on the basis of a concen
tration of 5 pCi Ra-226/L at the boundary (x = 0), the concentrations at 
distances of 3 km, 8 km, 9.5 km, and 10 km from the mine boundary to the front 
of the radium-concentration plume (y = 0) estimated from the normalized 
concentrations (Fig. 3.11) would be less than 2.5, 0.5, 0.05, 0.00005 pCi/L, 
respectively. The normalized radium concentrations calculated for the 
lO,OOOth year are given in Figure 3.12. At that time, the upper limit concen
tration of Ra-226 in groundwater at Laguna (x = 10 km) would be 0.05 pCi/L. 
In these computations, the concentrations have decreased for distances away 
from the mine boundary due to radioactive decay of the radionuclides during 
migration. 

Under more realistic conditions, that is, assuming that radionuclide con
centrations in water flowing from the mine are not at equilibrium with concen
trations in down-gradient materials, part of the Ra-226 in solution would then 
be resorbed during its passage through the ground between the mine and the 
town of Laguna. Normalized Ra-226 isoplot concentrations calculated for such 

*(Concentration at distance x)/(Concentration at distance 0). 
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Figure 3.11. Normalized Concentration (pCi/L) of Ra-226 at 5000 Years 
after Reclamation. (Retardation factor = 1; y-axis is 
west-east, and x-axis is directed toward the south.) 
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Figure 3.12. Normalized Concentration (pCi/L) of Ra-226 at 10,000 Years 
after Reclamation. (Retardation factor= 1.) 
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conditions at 1,000,000 years after reclamation are given in Figure 3.13. At 
that time, the subsurface radium front would have advanced only 2 km, with a 
concentration 1 x 10-5 of that at the site boundary (5 pCi Ra-226/L). The 
concentration of thorium, a less mobile element in groundwater, would be much 
less than that of radium. 
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LOCATION OF 
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Figure 3.13. Normalized Concentration (pCi/l) of Ra-226 at 1,000,000 
Years after Reclamation. (Retardation factor~ 1.) 

Within the limits of these analyses, the concentrations of migrating radio
activity from the mine site are shown not to exceed the MPC of 5 pCi/l in a 
public water supply as proposed by the U.S. EPA. Because of the very slow 
rate of migration of radionuclides in the groundwater and because of resorption 
of radionuclides during passage through the ground, the establishment of a 
monitoring system at 10 km from the site boundary would not be expected to 
provide data on migration of radioactivity resulting from mine operations. 
However, under special geological conditions where the groundwater flow is 
enhanced, a more rapid mixing and migration of radionuclides could be possible. 
Data supporting these possible groundwater pathways for the Jackpile-Paguate 
mine area are not available. 

3.3.2.2 Alternatives B-0 

Surface soil and vegetative covers that would be placed over the waste piles 
under Alternatives B through 0 would control erosion of radioactive waste by 
surface runoff and subsequent transport into streams and would also eliminate 
the transport of the radioactive material by fugitive dusting. The cover 
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within the mine pits, however, would reduce loss of groundwater and would 
result in a higher equilibrium groundwater level either because of elimination 
or reduction of evaporation. The increase in groundwater level, in turn, 
could result in increased contact of water with the radioactive material in 
the mine pits, possibly causing an increased concentration of radioactivity in 
water discharged into streams within the mine site. 

In humid regions, the addition of soil cover over the wastes probably would 
retard, not reduce or eliminate, infiltration and percolation of rainwater 
through the soil surface cover and through the waste materials. In the arid 
Southwest, where evaporation far exceeds precipitation, the rainwater probably 
would evaporate before it·penetrated the waste and percolated into the ground
water. Analyses of surface and groundwater flow patterns to predict possible 
contamination of groundwater (and thus provide an indication of the need for 
corrective actions) are reported in Section 5 and Appendix C. 

3.3.3 Surface Water 

At present surface waters are not used for human drinking supplies in the 
Paguate-Laguna area, so the pathway of direct human consumption of contaminated 
surface waters is not considered a major exposure route. However, part of the 
surface water from the Rio Paguate and Rio Moquino (which pass through the 
mine site) collects in the Paguate Reservoir downstream of the site (fig. 3.14). 
Water in the reservoir and in the streams is drunk by livestock. Therefore, 
the potential exposure pathway of human consumption of meat from livestock 
that drink contaminated water must be considered. 

The Paguate reservoir was constructed by 1940, 13 years before mining began at 
the Jackpile-Paguate complex. Figures 3.15 and 3.16 are photographs showing 
two views of the reservoir. The average concentrations of uranium and radium 
in water samples collected from the reservoir in October 1980 were 0.11 mg 
total uranium/L and 0.91 pCi Ra-226/L (Eberline Co. 1981). Analyses of water 
samples collected February 1979 through March 1982 indicated that the average 
concentrations of total uranium and radium were 0.24 mg/L and 1.03 pCi/L, 
respectively (Table C.1, Appendix C). These concentrations are below the 
U.S. Environmental Protection Agency•s drinking water standards of 5 mg total 
uranium/L and 5 pCi Ra-226/L. The radionuclides in the reservoir are partially 
from natural sources (such as seepage into Rio Paguate and Rio Moquino of 
groundwater passing through Jackpile sandstone) and partially from sources 
related to mining operations (such as surface runoff across exposed waste and 
ore and into the streams). Surface runoff is the major source of contribution 
of radionuclides from the mine site to surface waters. 

Because of the lack of data on surface-water quality under natural conditions 
prior to mining, the contributions of uranium and radium from natural dissolu
tion of minerals cannot be separated from those contributions attributable to 
mining. However; the total loadings of uranium and radium contributed by the 
Jackpile-Paguate mines through both surface runoff and groundwater discharge 
to streams can be estimated from measured flow rates and concentrations of the 
radionucl ides at sampling stations on Rio Paguate (upstream), Rio Moquino 
(upstream), and Ford Crossing over the Rio Paguate (downstream) (Figure 2.8). 
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Figure 3.15. Northward View of Paguate Reservoir over 
the Overflow Dam. 

Figure 3.16. Southeastward View of Paguate Reservoir over 
the Overflow Dam. 
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Values for mean monthly discharges of Rio Paguate as measured downstream of 
the Jackpile-Paguate mines near Laguna (Ford Crossing) over the period 1977-
1980 were adopted for this analysis (Zehner 1982). The average mean annual 
flow for that period, computed to be about 33.7 L/s (1.19 cfs), was adjusted 
by the drainage area-discharge ratio for two upstream locations--one on Rio 
Paguate upstream of the mines and one on Rio Moquino upstream of the mines. 
Average concentrations of radium and total uranium, as given in Table 3.7, 
were computed from measured concentrations in monthly samples collected by the 
Anaconda Co. during the period February 1979 through March 1982. The total 
loadings of uranium and radium were calculated for the same three locations 
(Table 3.7). These calculations were based on the assumption that on the 
average, the sampled concentrations were representative of the period when the 
streamflow rates were measured. These analyses indicate that the total annual 
loadings of the streams to the reservoir are 3964 ~Ci of Ra-226 and 254 kg 
(559 lb) of natural uranium. These loadings can be separated into 299 ~Ci 
Ra-226 per year and 7.3 kg (16.1 lb) natural uranium per year from areas 
upstream of the mine complex, and 3665 ~Ci Ra-226 and 246.7 kg (543 lb) 
natural uranium per year from within the mine complex. 

A radiological assessment of the Paguate Reservoir conducted for the Anaconda Co. 
(Eberline 1981) included radiological analysis of a number of core samples of 
reservoir sediments and of ground from the area around the reservoir. For 
this document, results from Anaconda 1 s analyses were evaluated for selected 
core samples to seek an indication of the influence of mining operations on 
the amount of radioactivity in sediments of the Paguate Reservoir. The measured 
concentrations of bismuth-214 (Bi-214)* in core samples from four locations 
representing background conditions near the reservoir were compared with con
centrations in four core samples from reservoir sediments. The results of radio
logical analysis of the cores from background locations are shown in Figure 3.17, 
and the results for the reservoir sediment cores are shown in Figure 3.18. 

Comparison of the Bi-214 concentrations from the samples taken at the four 
background locations indicate significant variations at the same depth among 
the four samples; the results from the reservoir sediment cores also show 
significant variations. It is not apparent from these data to what extent 
mining has contributed to radionuclide concentrations in the reservoir. The 
top (6 ft) of reservoir sediments have been deposited during the mining period. 
As shown in Figure 3.18, there is some indication of higher average Bi-214 
concentrations in this portion of the sediments than in both the lower portions 
of the sediment cores and in the upper portions of the cores from the areas 
selected as background. 

Under decommissioning Alternative A (No-Action Case), surface erosion of the 
waste piles into streams could significantly influence downstream concentra
tions of the radionuclides and sediments. Under Alternatives 8 through 0, 
however, exposed radioactive material on the surfaces of the mine site would 
be covered, and the radioactivity of any sediments from the site would be 
similar to that from a comparable area of natural soil. 

As indicated in Figure 3.19, the alluvium deposits upstream of the reservoir 
are naturally eroded. This seems to suggest that naturally and in the absence 

*Under conditions of secular radioactive equilibrium, concentrations of Bi-214 
can be equated to those of Ra-226. 
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Table 3.7. Quantity (loading) and Concentrations of Ra-226 and Natural Uranium Discharged 
from the Rio Moquino and Rio Paguate into Paguate Reservoir 

Concentrations Annual Loading 
Drainage Mean Annual Natural Natural 
Areat2 Flow Ra-226 Uranium Ra-226 Uranium 

Locationt1 (km2) (L/s) (pCi/L) (mg/L) (!JCi/yr) (kg/yr) 

Rio Paguate (upstream) 80 9.7 0.35 0.006 107 1.8 

Rio Moquino (upstream) 178 21.7 0.28 0.008 192 5.5 
· Total loading from both 

streams (upstream) 299 7.3 
Ford crossing (downstream) 277 33.7 3.73 0.239 3964 254 

· Total loading from mine 
site 3665 246.7 

tl See Figure 2.8 for location of gage stations . 
. t2 See Zehner (1983). 
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Figure 3.19. Photo Showing Natural Erosion along the Rio Moquino 
Upstream from the Bridge between Seboyeta and 
Sohio Mill North of the Mine Complex. 

of mining, erosion would have carried mineralized deposits away from the 
Jackpile-Paguate area, and steadily increased the quantity and concentration 
of radionuclides in materials deposited downstream of the site. 

3.4 RADIATION DOSES FROM EACH PATHWAY OF EXPOSURE 

In the previous sections, pathways of exposure were defined and calculations 
of the concentrations of the radionuclides in air, on soil, and in water were 
presented. In this section, calculations of the potential radiation doses 
resulting from human exposure to those radionuclides are summarized. 

The principal pathways of exposure were identified as inhalation of airborne 
radi onucl ides, ingestion of contaminated food and/or water, and externa 1 
exposure. In the inhalation and ingestion pathways, the radionuclides are 
carried to different organs of the body by physiological processes and are 
absorbed into the blood stream. Some of the radionuclides accumulate in 
specific organs (for example, radium accumulates in bone). 
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Some organs show higher sensitivity than others to induction of radiation 
health effects or transmital of genetic abnormalities (e.g., gonads). The 
organs that either show higher sensitivity to radiation or accumulate radio
nuclides are often referred to as tissues at risk. The dose rates, doses, 
dose commitments, and environmental dose commitments to these tissues at risk 
were calculated with the UDAD code for the various decommissioning alternatives. 
For purposes of risk assessment, these calculations were made for ten time 
intervals up to a period of 95 years after reclamation. Descriptions of the 
methods used and of models of radionuclide transport within the human body are 
given in the UDAD manual (Momeni et al. 1979). The results of the dose-rate 
and dose calculations for the inhalation, ingestion, and direct exposure 
pathways in vicinity of the Jackpile-Paguate mines are summarized below and 
presented in detail in Appendix D. 

3.4.1 Inhalation 

Potential doses from inhalation result from exposure to (1) airborne particul
ates (all the radionuclides in the uranium series except those from short-lived 
radon daughters), and (2) airborne radon decay products that enter the respi
ratory system. A fraction of the total activity inhaled is directly exhaled. 
A fraction of the activity deposited in the respiratory system is subsequently 
ingested. 

The procedure for calculating radiation dose rate and dose from inhalation of 
particulates and radon is based on the 1966 recommendations of the Task Group 
on Lung Dynamics, Committee II, for the Internation Commission on Radiological 
Protection (ICRP 1966). In the model recommended by the ICRP, the respiratory 
system is divided into three major regions corresponding to the sites of 
deposition of the radionuclides--the nasopharyngeal (NP), the tracheobronchial 
(TB), and the pulmonary (P) regions. Partition of the activity into these 
compartments of the respiratory system is dependent on the size of the inhaled 
airborne particulates. The size distribution of the airborne particles is not 
known for the mine site; the values selected for these calculations are given 
in Appendix D. The fraction of deposited radionucl ides that is transported 
from the lung compartment into the blood stream is dependent on the physiological 
solubility of the radionuclides. The solubility classifications are based on 
the recommendations of ICRP (ICRP 1966). 

The dose rate (the rate of absorption of radiation energy in a tissue) from 
the inhalation of an airborne radionuclide is proportional to the cumulative 
concentration of the radionuclide previously inhaled. Since the concentration 
is in effect a net result of intake, excretion, and radioactive decay, the 
concentration in the tissue is not constant; it increases eventually to an 
equilibrium value with continuous intake of the radionuclide. 

The total dose from inhalation of radionuclides is a summation of the individual 
dose rates received each successive year. 

3.4.1.1 Alternative A 

Because there would be no reclamation of the site under Alternative A, it 
would represent the maximum dose conditions of the five alternatives considered. 
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The average dose rates and corresponding doses to the nasopharyngeal, tracheo
bronchial, and pulmonary regions of the lung from inhalation of particulates 
and to bronchial epithelium from inhalation of radon decay products are given 
in Table 3.8 for selected locations around the site. The dose rates are for 
70th year after decommissioning, and the corresponding doses are for the 70th 
year (the assumed average human life expectancy in the region). 

For particulates, dose rate and dose to the nasopharyngeal region are larger 
than to other regions of the lung because the filtration action in the naso
pharyngeal region removes the larger airborne particles as the inhaled air 
passes through the respiratory system. The largest dose rate (and dose) for 
someone breathing through their mouth would be to the tracheobronchial region. 
The dose from inhalation of particulates increases with time and is dependent 
on the period of exposure. 

For inhalation of radon decay products, the total dose rate was calculated on 
the basis of 14 hours (58%) daily residence inside a structure and 10 hours 
outside. This differentiation between the time spent inside and that spent 
outside is intended to account for the higher buildup of radon decay product 
concentrations in a building than in the open space outside. Since the dose 
to the other organs of the body from radon is relatively small, only the dose 
rate to the bronchial epithelium, the most sensitive lung tissue, was calcula
ted. The annual average dose rate is constant because the half-lives of the 
radon decay products are relatively short, and the concentration of these 
decay products would not build up in the body. However, even though the dose 
rate is constant, the total dose increases with time. The total dose received 
from the radon decay products is dependent, among other factors, on the period 
of residency _at a given location. After reclamation of the mine, the dose 
rate and dose from radon would be mostly from recent exposures, but those 
radioactive particulates inhaled prior to reclamation would continue to irra
diate body tissue throughout the remainder of an individual•s life. 

As indicated in Table 3.8, among selected locations off the site, the largest 
doses from inhalation of airborne radionuclides would be at Paguate, the 
nearest town. Those doses are 2.04 x 103 , 8.67 x 10-1 , and 3.57 x 10-2 mrem, 
respectively, to nasopharyngeal, tracheobronchial, and pulmonary re~ions of 
the respiratory system for inhalation of particulates, and 1.96 x 10 mrem to 
bronchial epithelium from inhalation of radon. The dose rates and doses to 
selected tissues of the residents of Paguate from inhalation of airborne 
radionuclides under Alternative A are shown as a function of time in Figure 3.20. 

3.4.1.2 Alternatives B~D 

Under Alternatives B through D, the residual ores and radioactive wastes on 
the site would be covered with varying amounts of soil. As a result, release 
of particulates into the atmosphere from the mine site would be greatly reduced, 
or eliminated. This, in turn, would reduce the dose rate and dose from particu
lates to values corresponding to background. (A photograph of a previously 
reclaimed and vegetated waste pile is shown in Fig. 3.21). 

The rate of radon release would be reduced.but not eliminated (see Sec. 3.2.3.2). 
Under Alternative B, the dose rates and doses would be about 59% of those for 
Alternative A, and under Alternatives Cl through D, they would be 8% of the 
values under Alternative A. 
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Table 3.8. Inhalation Dose Rate and Dose At Selected Receptor Locations 

From Particulates From Radon 
Locationt1 Nasopharyngeal Tracheobronchial Pulmonary Bronchiai Epithelium 

Dose-Rate (mrem/yr)t2 

Bibo 8.87 3.93E-3 1.67 1. 97E+1 
Casa Blanca 3.06 1.44E-3 6.19E-1 2.66 
Jackpile-Housing 8.19E+1 3.32E-2 1.37E+1 6.87E+1 
Laguna and Encinal 2.77 1. 34E-3 5.83E-1 8.58 
Monitor at Dump F 6.88E+1 2.84E-2 1.18E+1 5.04E+1 
Monitor at Well 4 1. 74E+1 7.56E-3 3.20 3.81E+1 
Monitor at West Side 4.73E+1 1. 85E-2 7.54 6.49E+1 
Monitor at Mine Vent 2.87E+1 1. 22E-3 5.13 1.81E+1 
Moquino 9.16 4.21E-3 1.80 2.61E+1 
Paguate 2.93E+1 1. 25E-2 5.23 2.80E+1 
Seboyeta 3.65 1. 75E-3 7.56E-1 8.10 w 

I 
w 
~ 

Dose {mrem}t3 

Bibo 6.19E+2 2.74E-1 1.14E+2 1. 38E+3 
Casa Blanca 2.14E+2 9.99E-2 4.22E+1 1.86E+2 
Jackpile-Housing 5.71E+3 2.31 9.34E+2 4.81E+3 
Laguna and Encinal 1. 94E+2 9.35E-2 3.97E+1 6.01E+2 
Monitor at Dump F 4.80E+3 1. 98 8.06E+2 3.53E+3 
Monitor at Well 4 1. 22E+3 5.26E-1 2.18E+2 2.66E+3 
Monitor at West Side 3.30E+3 1. 29 5.14E+2 4.54E+3 
Monitor at Mine Vent 2.00E+3 8.50E-1 3.50E+2 1. 27E+3 
Moquino 6.40E+2 2.93E-1 1.23E+2 1. 83E+3 
Paguate 2.04E+3 8.67E-1 3.57E+2 1. 96E+3 
Seboyeta 2.55E+2 1. 21E-1 5.15E+1 5.67E+2 

tl Locations designated as 11 monitors 11 are sites for continuous monitoring of airborne particulates and 
radon. 

t2 For 70th year after reclamation. 
t 3 Time-integrated dose for 70th year of inhalation. 
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Figure 3.20. Dose Rate and Doses to Residents of Paguate 
from Inhalation of Airborne Radionuclides 
under Alternative A. 

Figure 3.21. Photograph of a Waste Dump Previously Reclaimed 
and Revegetated with Native Species. 
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3.4.2 Ingestion 

Radiation doses from ingestion normally result from consumption of food and/or 
water contaminated with radionuclides. However, as was indicted in Section 3.3, 
it seems unlikely that radionuclides from the Jackpile-Paguate mine complex 
would become a source of contamination of potable groundwater supplies in the 
region for the next hundred years. Furthermore, surface water is not used for 
human consumption in the area at this time. Because of this, the only ingestion 
pathway considered here is consumption of contaminated food. The land in the 
region does not support crops; the only agricultural product is meat from 
livestock raised on the open ranges (see Fig. 3.22). Therefore, this analysis 
of dose rates and doses from ingestion is restricted to consideration of the 
consumption of locally·grown meat. 

Two approaches have been used in this analysis--(1) evaluation of the doses 
that would result at selected locations if meat from livestock grown near 
those locations were consumed only in the area where grown, and (2) evaluation 
of the doses that would result if equal portions of meat raised within 80 km 
(50 mi) of the mine complex were consumed by all members of the population 
within the region. 

For the first analysis, it was assumed that the amount of meat produced in the 
an area would not be sufficient to provide for the entire yearly intake of the 
local residents, and thus locally grown meat would constitute less than 100% 
of the diet near the location where it was grown. The actual percentage 
selected varied from location to location, and was the highest for the ranchers 
in the four ranges around the perimeter of the mine complex. 

The second approach--calculation of the average doses that would result if 
consumption of the meat raised within 80 km (50 mi) of the mine complex were 
distributed among the entire population of the region--was undertaken to 
provide an estimate of population dose based on agricultural marketing and 
distribution patterns. 

3.4.2.1 Alternative A 

Under Alternative A, no grazing of livestock would be permitted on the mine 
site. However, the radioactive materials now exposed on the site would not be 
covered, and offsite transport of radionuclides by natural processes (e.g., 
wind erosion, surface runoff) would continue. Therefore, livestock would 
continue to be exposed to and consume radionucl ides originating from the 
unreclaimed mine complex. 

The total dose rates and doses to the bone, kidney, liver, and whole body of 
residents of Paguate under these conditions and for the assumption that locally 
grown meat is consumed locally are plotted as a function of time in Figure 3.23. 
The predicted changes in the dose rates are attributable to accumulation of 
the radionuclides in the tissues and to increases in ground contamination of 
radionuclides with time. Some tissues, such as bone, retain a larger fraction 
of the calcium analogs, such as radium. As .indicated in the figure, the dose 
to bone for residents of Paguate from continuous ingestion (over 70 years) of 
meat raised locally would be 541 mrem. Dose rates and doses for other organs 
are given in Appendix D. 
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Figure 3.22. Cattle Graze on Typical Forage Land 
in the Rio Moquino Valley North of 
the Mine Complex. (View is southward 
toward the mine site. The water is 
impounded rain runoff.) 

The average doses for the entire population within 80 km (50 mi) of the mine 
complex are summarized in Table 3.9. In the 70th year, the average doses 
received by each individual under these conditions would be 1.48 x 10-3 mrem 
whole body, 1.40 x 10-2 mrem bone, 6.24 x 10-3 mrem kidney, and 1.84 x 10-3 mrem 
liver. These doses are much less than those calculated under the condition of 
local products and local consumption of the locally raised meat (Fig. 3.23). 

3.4.2.2 Alternatives B-0 

Under Alternative B, grazing would not be permitted on the mine site; under 
Alternatives C1 through 0, grazing of livestock on tne reclaimed mine complex 
would be allowed, but the sources of airborne particulates would have been 
covered and thus would not contribute to contamination of the meat of the 
livestock grazing there. In addition, there would be no further offsite 
transport of particulates from the mine complex. 

Under all the reclamation alternatives (B-0), some offsite contamination 
of meat would occur after reclamation because of the continued presence of 
previously deposited radionuclides. However, radiation doses from consumption 
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Figure 3.23. Dose Rate and Doses to Residents of 
Paguate from Ingestion of Meat under 
Alternative A Conditions. 

Table 3.9. Average Time-Integrated Dose to 
Individuals (standard men) from Ingestion 

of Locally Raised Meat within 80 km 
of the Mine Complex 

Dose (mrem) 
Timet1 Whole Body Bone Kidney liver 

1 3.21E-6 2.62E-5 3.01E-5 9.11E-6 
5 3.45E-5 3.13E-4 2.03E-4 5. 77E-5 

10 9.62E-5 8.96E-4 4.58E-4 1. 30E-4 
15 1. 74E-4 1. 64E-3 7.48E-4 2.15E-4 
20 2.63E-4 2.49E-3 1. 07E-3 3.10E-4 
25 3.62E-4 3.44E-3 1. 43E-3 4.16E-4 
35 5.80E-4 5.53E-3 2.26E-3 6.60E-4 
50 9.46E-4 9.01E-3 3.76E-3 l.lOE-3 
70 1.48E-3 1.40E-2 6.24E-3 1. 84E-3 
95 2.19E-3 2.07E-2 1. 01E-2 2.98E-3 

tl Years after decommissioning. 
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of this meat would not be attributable to reclamation, but instead to activities 
and conditions existing prior to reclamation. The concentration of such 
radionuclides would diminish with time by further dilution and dispersion as a 
result of such natural forces as fugitive dusting and surface runoff of rain 
water. 

3.4.3 External Exposure 

External exposure consists of exposure to radiation emitted from the airborne 
and ground-deposited radionuclides on the site and in the surrounding region 
and to gamma radiation emitted directly from the waste piles and residual ores 
on the site. 

3.4.3.1 Alternative A 

Public access to the mine site would be restricted under Alternative A, thus 
there will be no direct exposure of the population to the gamma radiation 
emitted from the exposed radioactive materials on the site. However, offsite 
transport of the radioactive material on the site would continue as a result 
of natural erosive forces. Residents of the region around the mine complex 
would receive external exposure from such material deposited on the ground or 
resuspended in the air off the site. The dose rates and time-integrated doses 
to the whole body and ovaries of the residents of Paguate from external exposure 
to ground-deposited and airborne radionuclides are plotted in Figure 3.24. 
The dose rates from ground-deposited radionuclides would increase with time 
because more and more material would be transported off the mine complex.* 
The dose rates from airborne radionuclides would remain relatively constant 
because of equilibrium between the processes of deposition and resuspension. 

The dose rates and doses to other organs of the body and for the residents of 
other locations in the region are provided in Appendix D. 

3.4.3.2 Alternatives B-0 

Under the reclamation alternatives (Alternatives B-0), the soil cover· placed 
over wastes and residual ores would attenuate the direct gamma radiation and 
limit the external radiation exposure on the site to that from the soil cover, 
a level corresponding to the natural background. However, reclamation would 
not eliminate the radionuclides previously deposited off the mine site. Thus, 
these nuclides (either ground-deposited or airborne from resuspension) would 
continue to be a decreasing source of external exposure. Dose rates and doses 
from such exposure are not taken into account here because the conditions will 
be a result of past activities and will be independent of the specific reclama
tion program undertaken on the site. 

*These dose rates do not include any exposure from the radiation directly emitted 
from the radioactive materials remaining on the mine site. 
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Figure 3.24. Dose Rate and Dose to Residents of Paguate from 
External Exposure under Alternative A Conditions. 

3.5 DOSE COMMITMENTS 

In this section, individual, population, and environmental dose commitments 
(organ-rem/yr) for selected locations in the area within 80 km (50 mi) of the 
Jackpile-Paguate mines are presented for inhalation, ingestion, and direct 
external exposures attributable to releases of radionuclides from the mine 
complex. Procedures outlined in the UDAD code manual (Momeni et al. 1979) 
were used to make the calculations. 

3.5.1 Alternative A 

The individual and population dose commitments listed in Tables 3.10 through 
3.13 reflect exposure throughout the life span of an individual or all members 
of the population under the conditions of Alternative A. The commitments were 
calculated for a 70-year period.* 

*For radiation workers, a population dose commitment of 50 years (70 years 
minus 20 years, where 20 is the minimum age allowed for radiation workers) 
has been used. Since the exposure to the general population cannot be limited 
to any specific age group, all ages are included. 
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Table 3.10. 70-Year Individual Dose Commitments from Inhalation 
under Alternative A Conditions for Selected Locations 

(organ-mrem/yr) 

Particulates 

Lungt1 Radon 
Location Bone Kidney NP p TB BEt1 WLMt2 

Bibo 2.10 5.85E-1 8.91 1. 67 3.94E-3 1. 97E+1 4.35E-3 
Casa Blanca 7.68E-1 2.21E-1 3.07 6.20E-1 1. 44E-3 2.66 7.14E-4 
Jackpile-Housing 1. 78E+1 4.92 8.23E+1 1. 37E+1 3.33E-2 6.87E+1 1.18E-2 
Laguna and Encinal 7.27E-1 2.20E-1 2.78 5.83E-1 1. 35E-3 8.58 2.26E-3 
Monitor at Dump F 1. 52E+1 4.21 6.92E+1 1.18E+1 2.85E-2 5.04E+1 9.11E-3 
Monitor at Well 4 4.04 1.12 1. 75E+1 3.20 7.58E-3 3.81E+1 7.76E-3 
Monitor at West Side 9.94 2.75 4.75E+1 7.55 1. 85E-2 6.49E+1 9.69E-3 
Monitor at Mine Vent 6.530 1.81 2.88E+1 5.14 1. 22E-2 1.81E+1 3.89E-3 
Moquino 2.25 6.36E-1 9.20 1.81 4.21E-3 2.61E+1 6.26E-3 
Paguate 6.66 1.84 2.94E+1 5.24 1. 25E-2 2.80E+l 5.28E-3 
Seboyeta 9.35E-1 2.71E-1 3.67 7.57E-1 1. 75E-3 8.10 2.06E-3 

tl Lung compartments: NP =nasopharyngeal; P =pulmonary; TB =tracheobronchial; 
BE= bronchial epithelium. 

t2 WLM = Working Level Month; a unit of exposure resulting from exposure to one WL for 
one working month (170 hours per month). For continuous exposure of the public, an 
effective working level month is 4.2 working level months (720 hours per month+ 170) . 
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Table 3.11. 70-Year Individual Dose Commitments from Ingestion 
under Alternative A Conditions for Selected Locations 

(organ-mrem/yr) 

Location Bone Kidney Liver Whole Body 

Bibo 2.33 1.51 4.SOE-1 2.51E-1 
Casa Blanca 4.87E-1 3.35E-1 9.96E-2 5.27E-2 
Laguna and Encinal 3.6SE-1 2.76E-1 8.22E-2 3.96E-2 
Moquino 1.80 1. 20E-l 3.57E-1 1. 9SE-1 
Paguate 1. 04E+1 6.68 1. 99 1.12 
Seboyeta 4.88E-1 3.46E-1 1. 03E-1 5.29E-2 
Range North 2.33 1.54 4.59E-1 2.52E-1 
Range South 3.39 2.22 6.60E-1 3.66E-1 w 

I 

Range East 2.43E-2 1. 97E-2 
~ 

· 5. 86E-3 2.6SE-3 N 

Range West 5.02E-1 3.31E-1 9.82E-2 5.42E-2 
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Table 3.12. 70-Year Individual Dose Commitments from External Radiation 
Exposure under Alternative A-Conditions for Selected locations 

(organ-mrem/yr) 

Red 
Location lung Ovaries Marrow Testes Whole Body 

Airborne Radionuclides 
Bibo 1.42E-1 1.10E-1 1. 59E-1 1. 30E-1 1.51E-1 
Casa Blanca 3.37E-2 2.65E-2 3.73E-2 3.03E-2 3.57E-2 
Jackpile-Housing 1.69E-1 1.26E-1 1. 94E-1 1. 61E-l l.SOE-1 
Laguna and Encinal 1.03E-1 8.07E-2 1.14E-1 9.26E-2 1.09E-1 
Monitor at Dump F 1. 66E-1 1. 25E-1 1.89E-1 1. 56E-1 1.77E-1 
Monitor at Well 4 2.06E-1 1. 58E-1 2.32E-1 1. 90E-1 2.19E-1 
Monitor at West Side 8.88E-2 6.64E-2 1.02E-1 8.41E-2 9.45E-2 
Monitor at Mine Vent 1. 21E-1 9.40E-2 1.36E-1 1.11E-1 1.29E-1 
Moquino 2.44E-1 1. 91E-1 2.72E-1 2.22E-1 2.59E-1 
Paguate 1.12E-1 8.53E-2 1.27E-1 1.04E-1 1.19E-). 
Seboyeta 8.87E-2 6.96E-2 9.86E-2 8.01E-2 9.41E-2 
Range North 2.70E-1 2.10E-1 3.02E-1 2.46E-1 2.87E-1 
Range South 7.07E-2 5.54E-2 7.85E-2 6.38E-2 7.49E-2 
Range East 7.07E-3 5.55E-3 7.84E-3 6.37E-3 7.49E-3 
Range West 3.59E-2 2.80E-2 4.01E-2 3.27E-2 3.81E-2 

Ground-DeQosited Radionuclides 
Bibo 1.50 1.18 1. 71 1.38 1.60 
Casa Blanca 3.17E-1 2.49E-1 3.61E-l 2.91E-1 3.38E-1 
Jackpile-Housing 2.63E+1 2.06E+1 2.99E+l 2.41E+1 2.81E+1 
Laguna and Encinal 2.35E-1 1.84E-1 2.68E-1 2.15E-1 2.51E-l 
Monitor at Dump F 1. 96E+1 1.54E+1 2.23E+l 1. 79E+l 2.09E+l 
Monitor at Well 4 3.45 2.70 3.92 3.16 3.68 
Monitor at West Side 1. 92E+l 1. 51E+l 2.19E+l 1. 76E+l 2.05E+l 
Monitor at Mine Vent 6.49 5.08 7.38 5.94 6.91 
Moquiino 1.17 9.16E-l 1.33 1.07 1.25 
Paguate 6.68 5.23 7.60 6.12 7.12 
Seboyeta 3.19E-1 2.50E-1 3. 63E-1 2.92E-1 3.40E-l 
Range North 1.52 1.19 1.73 1.39 1.62 
Range South 2.20 1. 73 2.51 2.02 2.35 
Range East 1.57E-2 1. 23E-2 1. 79E-2 1.44E-2 1.68E-2 
Range West 3.26E-1 2.55E-1 3.71E-1 2.99E-1 3.48E-1 
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Table 3.13. 70-Year Population Dose Commitments under 
Alternative A for Area within 80 km of Mine Site 

(organ-rem/yr) 

Inhalation External 
Organ or Tissue Particulates Radon Ingestion Ground Cloud Total 

Bronchial epithelium 1.22E+2 1.22E+2 
Nasopharyngeal 8.71E+l 8.71E+l 
Tracheobronchial 3.88E-2 3.88E-2 
Pulmonary 1. 65E+l 1. 35E+l 8.45E-l 3.08E+l 
Whole body 6.86E+l l.OSE+l 1.43E+l 8.96E-l 2.65E+l 
Bone 2.10E+l 9.77E+l 1.67E+l 1.01 1. 36E+2 

Kidney 6.23E+l 6.41E+l 7.04E+l w 
I 
~ 

Liver 1.48E+l 1. 91E+l 2.05E+l ~ 

Stomach 4.62E-2 4.62E-2 
Small intestine 1. 06E-2 1. 07E+l 6.76E-l 1.14E+l 
Upper large intestine 8.55E-2 8.55E-2 
Lower large intestine 7.70E-2 7.70E-2 
Lymph nodes 7.65E+2 7.65E+2 
Skin 1. 70E+2 3.34 1. 73E+2 

Ovaries 1. 06E+l 6.61E-1 1.12E+l 
Testes 1.23E+l 7.65E-l 1.31E+l 

Red marrow 1. 53E+l 9.41E-1 1. 62E+l 

Spleen 1.40E+l 8.82E-1 1.49E+l 
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The environmental dose commitments (Table 3.14) were calculated for 100 years 
because contamination of the environment by long-lived radionuclides represents 
a long-term potential source of exposure to humans. The phrase 11 environmental 
dose commitment11 actually refers to the total radiation dose to all individuals 
over the entire period that the material persists in the environment and 
interacts with man. The period of the interaction of the long-lived radio
nuclides is proportional to their half-lives and persistence (i.e., availability) 
in the environment. Theoretically, the correct period for integration is an 
infinite time. Thus, the 100-year period used here is less than the period of 
potential interaction of the released radionuclides with man, but it is 
ronsistent with present regulatory procedures (USNRC 1980). 

~.5.2 Alternatives B-0 

Under Alternatives B through 0, the sources of particulates would be covered, 
.tnd the contribution of particulates from the mine site to dose commitments 
would be comparable to background levels from an equal surface area in the 
rt>qion. The only source of elevated exposure would be from exhalation of 
rddon through the soil cover over the radioactive materials, and the dose 
commitments would be limited to those to bronchial epithelium. For Alterna
tive B, the dose commitments .to bronchial epithelium would be 59% of those 
under Alternative A; for Alternatives C1 through 0, the dose commitments would 
hL· reduced to 8% of Alternative A values. If the entire mine site were covered 
with soil to the depths specified under Alternatives B through D, the dose 
commitments would be reduced only to 7% of Alternative A values. 

3.6 SUMMARY AND DISCUSSION 

In this chapter, hydrospheric and atmospheric pathways of exposures were 
analyzed for five alternative plans for decommissioning of the Jackpile-Paguate 
mines. 

lhe analysis of potential impacts of the hydrospheric pathway indicated that 
this would not be a significant route of human exposure under any of the 
decommissioning alternatives. The groundwater supplies of Laguna most likely 
would not be affected within at least the next 100 years, irrespective of the 
decommissioning alternative selected. 

Surface water is not presently used as a source of potable water in the 
tommunities up to 20 km downstream from the mine complex; however, water from 
the Paguate Reservoir is drunk by grazing livestock that could be consumed by 
humans. The radionuclides in the reservoir are from material transported in 
the runoff from the watersheds above and below the mine complex, as well as 
from the mine site. In addition, part of the flow of the Rio Paguate and Rio 
Moquino is from groundwater discharge both upstream and within the mine area 
dnd could include locally contaminated groundwater. The transport of radio~ 
nuclides by surface runoff would continue under Alternative A but would be 
mo~tly eliminated under Alternatives B through D. Therefore, it is anticipated 
t~at surface water quality would improve after implementation of Alterna
tlves B through D. 

It is surmised that the quantity of groundwater discharged into local streams 
would increase with increased depth of backfill in the mine pits. This is 
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Table 3.14. 100-Year Environmental Dose Commitments under 
Alternative A for Area within 80 km of Mine Site 

(organ-rem) 

Inhalation External 
Organ or Tissue Particulates Radon Ingestion Ground Cloud Total 

Bronchial epithelium 1. 21E+4 1. 21E+4 
Nasopharyngeal 8.67E+3 8.67E+3 
Tracheobronchial 3.86 3.86 
Pulmonary 1. 63E+3 2.01E+3 8.37E+1 3.72E+3 
Whole body 6.81E+1 1.14E+3 2.14E+3 8.88E+1 3.43E+3 
Bone 2.08E+3 1.02E+4 2.49E+3 l.OOE+2 1.49E+4 
Kidney 6.18E+2 8.79E+3 9.40E+3 w 

I 
~ 

liver 1.47E+2 2.61E+3 2.76E+3 m 

Stomach 4.58 4.58 
Small intestine 1.05 1. 60E+3 6.70E+1 1. 67E+3 
Upper large intestine 8.48 8.48 
lower large intestine 7.63 7.63 
lymph nodes 7.59E+4 7.59E+4 

Skin 2.52E+4 3.31E+2 2.56E+4 

Ovaries 1. 58E+3 6.54E+1 1. 64E+3 

Testes 1.84E+3 7.58E+1 1. 91E+3 

Red marrow 2.28E+3 9.31E+1 2.38E+3 

Spleen 2.10E+3 8.73E+l 2.18E+3 
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because backfilling of the pits would reduce evaporation and thus result in 
increased groundwater levels over a long period (several hundred years). The 
concentrations of radionuclides might decrease over a long period as a result 
of removal of the higher specific activity ore by the past mining of the 
Jackpile-Paguate ore zone. 

It was determined that the atmospheric pathways (inhalation of airborne radio
nuclides, ingestion of food contaminated by deposition of radionuclides, and 
external exposures) would result in human exposure and would be greatly 
influenced by choice of decommissioning alternative. 

The regulatory limits on airborne concentrations of radionuclides in the 
uranium series above the levels of natural background are given in the Code of 
Federal Regulations (10 CFR Part 40, Appendix B, 1975). The lowest limit, 
that for Th-230, is 8 x 10-2 pCi/m3 for soluble thorium and 3 x 10-1 pCi/m3 

for insoluble thorium. The predicted concentrations of Th-230 at five sites, 
four on the mine site close to the lease boundaries and one at Paguate (the 
closest town to the mine boundary), are shown in Table 3.15. Comparison of 
the concentrations shown in the table with the limits specified in 10 CFR 
Part 40 indicate that the regulatory limits for thorium would not be exceeded 
even if Alternative A (No-Action Case) were implemented. Under this alternative, 
the mine site would not be reclaimed, only fenced to exclude public access. 

The suggested concentration limit for radon (Rn-222) in air at the site boundary 
is 1000 pCi/m3 (1 pCi/L) for regions of high population density (such as near 
a town) and 3000 pCi/m3 (3 pCi/L) for regions of low population density (such 
as the northern, southern, and eastern boundaries of the mine complex). This 
analysis indicates that the radon concentrations near the mine boundaries and 
at Paguate (Table 3.15) would not exceed the regulatory limits even under 
Alternative A conditions. 

Table 3.15. Estimated Concentrations (pCi/m3 ) 

of Thorium, Radon, and Working Level at 
Site Boundaries and at Nearest Town 

under Alternative A Conditions 

Site Th-230t1 Rn-222 

Monitor at Dump F 2.25 X 10-3 80.6 

Monitor at Well #4 5.79 X 10-4 60.9 

Monitor at West Side 1.52 X 10-3 104.0 

Monitor at Mine Vent 9.47 X 10-4 290.0 

Paguate 9.67 X 10-4 44.9 

mWLt2 

0.31 

0.32 

0.20 

0.17 

0.19 

t 1 Because of secular radioactive equilibrium, the 
concentrations of the other particulate radionuclides 
would be equal to those of Th-230. 

t 2 mWL = 0. 001 WL. 
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The limit suggested by the Environmental Protection Agency (USEPA 1982) for 
radon decay product concentration (working level), including background, is 
15 mWL. The background working level for outdoor conditions in the region 
around the mine complex is about 0.3 mWL, and for indoor conditions the working 
level would not exceed 0.5 mWL. Thus, the EPA limit would not be exceeded. 

Under Alternative B and Alternatives C1-D, radon concentrations would be 
reduced to 59% and 8%, respectively, of Alternative A values, and thus would 
be well within the suggested limits. 

The dose rates and doses to individuals, the dose commitments to individuals 
and populations, and the environmental dose commitments for the atmospheric 
pathway were calculated for all towns individually or as part of a larger 
urban area (25 selected locations) within 80 km (50 mi) of the mine site under 
Alternative A conditions. It was determined that exposures from radionuclides 
released from the mine site under the other alternatives would be negligible 
except for exposure to radon progeny. Under Alternative B, the dose rate and 
dose to bronchial epithelium from radon would be 59% of the exposures under 
Alternative A; the exposures under Alternatives C1 through D would be 8% of 
those for Alternative A. Radon decay products would contribute about 52% of 
the radiation dose to the lung in the first five years of irradiation, decreasing 
to about 34% in the period 90-95 years after decommissioning. Thus, under 
Alternatives B through D, the doses to lung would also reduce to about 4% 
(4.2% to 2.7%) of the doses under Alternative A. The dose to the other organs 
under Alternatives B through D would decrease to less than 0.1% of the doses 
that could be received under Alternative A. 

The Code of Federal Regulations (40 CFR Part 190) limits exposure for uranium 
fuel cycle facilities to individual dose commitments of no more than 25 mrem/yr 
to any organ from all pathways of exposure (exclusive of radon short-lived 
decay products). However, uranium mining operations are specifically excluded 
from this limit (U.S. EPA 40 CFR 190.02: Definitions, Part VII, January 13, 
1977, 11 Environmental Radiation Protection Standards for Nuclear Power Opera
tions11). Despite this exclusion, however, the doses predicted for the Jackpile
Paguate decommissioning alternatives have been compared with the 40 CFR 190 
limits to place potential exposures in perspective. 

For the inhalation pathway, the two largest individual 70-year dose commitments 
under Alternative A would be those to the lymph nodes (248 mrem/yr) and those 
to the nasopharyngeal region of the lungs (29.4 mrem/yr) of residents of 
Paguate, the nearest town to the site. The individual dose commitment to bone 
of Paguate residents for the inhalation pathway would be 6.7 mrem/yr. The 
largest individual dose commitments for the ingestion pathway (again to Paguate 
residents) would be 1.1 mrem/yr whole body, 10.4 mrem/yr bone, 6.7 mrem/yr 
kidney, and 2 mrem/yr liver. The largest 70-year.dose commitment for external 
exposure would be to 107 mrem/yr to skin from ground-deposited radionuclides, 
in contrast to an individual dose commitment of 0.46 mrem/yr to skin from 
external exposure to airborne radionuclides. 

The total dose commitment from all pathways of exposure--inhalation, ingestion, 
and external exposures--thus would exceed 25 mrem/yr to most organs under 
Alternative A conditions. However, because the sources of particulates would 
be controlled to near background levels, dose commitments would not exceed 
25 mrem/yr under Alternatives 8 through D. 
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These analyses were based on a set of input parameters either extracted from 
data provided by Anaconda, U.S. Department of the Interior, or published in 
the open literature for conditions similar to those at the Jackpile-Paguate 
mines. In cases where data were not available, the input parameters were 
subjectively selected. Care was exercised not to select overly conservative 
values. Nevertheless, because of the magnitude of uncertainty in the input 
va 1 ues and the use of dispersion mode 1 s fitted to flat topography, the 
uncertainty in the values reported in this section could be a factor of five. 

. .:. .- ' 

The procedures followed in these analy.ses. did not include consideration of 
possible breaching of the integrity of de~ommissioned land by either water or 
wind erosion (see Figs. 3.25 and 3.26) .. If the ir~tegrity of the reclaimed 
surfaces is not maintained and the surface covers are removed, the exposures 
still would most likely be less than those under Alternative A. In such a 
case, the most affected exposure pathway would be surface water transport of,. 
radionuclides; subsequent accumulation of higher specific activity sediments· 
would be expected in and above the Paguate Reservoir and on adjacent forage 
lands. 

::;CONFIDENTIAL 
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Figure 3.25. Photograph Showing Water Erosion of Jackpile Sandstone 
(light-colored material in center of photograph). 
(Gavilan Mesa is in the ~ackground.) 
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Figure 3.26. Photograph Showing Water Erosion at Several Locations 
on the Side of the 11 T11 Waste Pile (upper portion of 
photograph). (This photograph was taken from the 
11 U11 Waste Pit on January 14, 1983. The Rio Moquino 
runs between the two waste piles. Erosion of the 
banks of the stream is also evident.) 
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4. HEALTH EFFECTS 

4.1 INTRODUCTION 

In this section, potential radiation-induced somatic effects (diseases inflict
ing an individual) and genetic effects (diseases inflicting the offspring of 
the irradiated individual) from exposure to radiation released from the Jackpile
Paguate mines are discussed. A computer code developed at Argonne National 
Laboratory, 11 Potential Radiation-Induced Biological Effects in Man11 (PRIM) 
(Momeni 1983a, 1983b), was used in the analyses. The code is based on dynamic 
changes of attrition (natural- and radiation-induced causes of death) and 
renewal (birth), and the lifetable method. The effects of population migration 
( i n-mi grat ion and out-migration) were not incorporated into the ana lyses. 

The present population of towns within 80 km (50 mi) of the Jackpile-Paguate 
mine complex was estimated to be 362,100 people (Table 4.1). For this analysis~ 
the population of each town was grouped into 19 cohorts of five-year age 
intervals. Each cohort was further subdivided by sex. The age distribution* 
of the entire regional population (based on the average characteristics of the 
total population of the United States) is presented in Table 4.2. 

In these analyses the changes in the population structure were only effected 
by age-specific death rates and age-specific birth rates. The total birth 
rate for each age cohort in each time period was calculated from age-specific 
fertility rates (Table 4.2). The numbers of male and female newborns were 
calculated from the 1970 average sex ratios of newborns in the United States. 
Survival of members of each age subgroup during each time interval is dependent 
upon both the age-specific and time-specific probability of survival to the 
next time interval in the presence of all forces of mortality. In these 
analyses the possibility of death from natural causes was assumed to be indepen~ 
dent of time. Weighted average age-specific probability of mortality was 
computed from the age-specific death rates for each sex and race (Table 4.2). 
The age-specific death rates from each neoplasm are based on data from 1969-
1971 for the U.S. population as a whole. 

4.2 PATTERN OF MORTALITY FROM SPONTANEOUS NEOPLASMS 

The neoplasms individually.considered in these analyses were leukemia, cancer 
of the lung, stomach, intestine, breast, bone, pancreas and liver, urinary and 
sex organs, and lymphoma. All other neoplasms were combined into one category. 

*The effect of racial distribution, an option available in PRIM code, was not 
considered. Characterization of the population on the basis of racial compo
sition, even as Native American or non-Native American, is complex and beyond 
the scope of this work. However, age-specific fertility rate, age-specific 
death rate, and spontaneous incidence of neoplasms are not equal between the 
races and influence the magnitude of the projections pr~sented here. 
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Table 4.1. Populations of Towns within 
80 km of Jackpile-Paguate Mine Complex 

Town 

Albuquerque 
Belen 
Bibo 
Bluewater 
Casa Blanca 
Cubero 
Grants-Mill an 
Laguna 
Los Luna 
Mesita 
Moquino 
Paguate 
San Fidel 
San Mateo 
Seboyeta 

Distance (km)t1 

X. 

60 
60 

- 2 
-60 
-10 
-16 
-40 
-5 
60 
3 
1.5 
3 

-25 
-20 

0 

y 

0 
-40 

3 
. 30 
-10 
-10 

0 
10 

-30 
-12 

5 
1 
0 

30 
10 

Population 
Size 

330,000 
5,600 

200 
500 

1,000 
200 

15,500 
1,650 
1,200 

750 
250 

1,150 
500 
250 
250 

t 1 The 11 X11 axis represents east-west, with a negative sign 
indicating west; the 11y11 axis represents north-south, with 
a negative sign indicating south. The origin of the. 
coordinate system (x = 0, y = 0) is the confluence of the 
Rio Paguate and Rio Moquino near the center of the mine 
site. 

Age-specific mortality from spontaneous incidence of neoplasms was calculated 
for each sex and for each successive five-year time interval for the next 
90 years. Table 4.3 contains, as an example, a list of age-specific mortalities 
from spontaneous incidence of neoplasms and from other causes of death for the 
period 50 to 55 years from now. Comparison of the data in Tables 4.2 and 4.3 
indicates that over the 55-year period, the age-distribution for each sex 
would change and the size of some of the age cohorts would increase. The data 
in Table 4.3 also indicate that incidence of some diseases is more frequent in 
one sex than the other; for example, death from breast cancer is more common 
among females, even though it does occur in males, but with lower incidence. 
Furthermore, the death rate from neoplasms varies among the different age 
groups and is not a constant fraction of other causes of death. 

A summary of death from spontaneous neoplasms over the entire regional popula
tion for the 90-year period is given in Table 4.4. Also given is the ratio of 
deaths from neoplasms to total deaths from all causes of mortality. The ratio 
increases from about 21% to about 23% during the 90-year period. As shown in 
the table, the largest cause of death from spontaneous incidence of neoplasm 
is cancer of the digestive system; the second largest cause is cancer of the 
respiratory system. The incidence of neoplasms in the respiratory system has 
steadily increased from 3 x 10-3 in 1930 to 5 x 10-2 for males and 1 x 10-2 
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Table 4.2. Regional Population Characteristics 

AGSFt1 AGDRt2 Po2ulation 
Age Male Female Male Female Male Female 

5 0.0 0.0 2.569E-3 2.028E-3 15,420 14,820 
10 0.0 0.0 1. 826E-3 1. 225E-3 17,960 17,290 
15 1.100E-3 5.200E-3 1. 877E-3 1. 070E-3 18,730 18,030 
20 6.740E-2 1.477E-1 5.781E-3 2.254E-3 17,030 16,690 
25 1. 506E-1 2.027E-1 8.146E-3 2.657E-3 13,960 14,920 
30 1. 348E-1 1. 363E-1 7.069E-3 2.993E-3 11,680 12,080 
35 6.760E-2 7.960E-2 7.754E-3 3.949E-3 9,855 10,280 
40 2.870E-2 4.190E-2 1. 086E-2 6.154E-3 9,554 10,030 
45 7.100E-3 1. 250E-2 1. 756E-2 9.558E-3 10,300 10,880 
50 4.000E-4 1. OOOE-3 2.854E-2 1. 552E-2 10,370 11,110 
55 0.0 0.0 4.554E-2 2.326E-2 9,493 10,230 
60 0.0 0.0 7.247E-2 3.443E-2 8,460 9,266 ~ 

I 

65 0.0 0.0 1.087E-1 5.049E-2 7,144 8,176 w 
70 0.0 0.0 1. 564E-1 7.772E-2 5,535 6,891 
75 0.0 0.0 2.212E-1 1. 269E-1 4,111 5,574 
80 0.0 0.0 3.174E-1 2.108E-1 2,777 4,054 
85 0.0 0.0 4.314E-1 3.281E-1 1,551 2,511 
90 0.0 0.0 5.597E-1 5.110E-1 956 1,725 
95 0.0 0.0 3.867E-3 1.168E-3 956 1,725 

tl Age-Specific Fertility (AGSF) 
t2 Age-Specific Death Rate (AGDR) 
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Table 4.3. Age-Specific Regional Mortality Rate for the Five-Year Period 2032 to 2037 
from Natural Incidence of Neoplasms and other Causes 

Neo 1asmst 1 

Population Other 
Age Size CA-l CA-2 CA-3 CA-4 CA-5 CA-6 CA-7 CA-8 CA-9 CA-10 Deaths 

Males 
5 2.19E+04 2.86 5.96E-02 0.0 1.78E-01 0.0 5.22E-02 1.48E-02 1.48E-02 1.48E-02 5.04 5.61E+01 

10 2.10E+04 2.93 7.62E-02 0.0 9.45E-02 0.0 1.61E-01 0.0 0.0 0.0 4.70 3.83E+01 
15 2.17E+04 2.19 1.20E-02 0.0 1.28E-Ol 0.0 5.95E-01 0.0 0.0 0.0 3.94 4.08E+Ol 
20 1.89[+04 2.06 3.98E-02 1.71E-02 3.50E-01 0.0 1.24 1.14E-02 1.14E-02 1.14E-02 6.11 1.09E+02 
25 1.89E+04 2.86 3.84E-01 1.40E-Ol 1.06 0.0 8.20E-01 6.82E-02 6.82E-02 6.82E-02 9.12 1.54E+02 
30 1.95E+04 2.03 7.02E-Ol 2.65E-Ol 1.53 8.32E-03 2.73E-Ol 1.33E-Ol 1.33E-Ol 1.33E-Ol 1.09E+Dl 1. 38[+02 
35 1.91[+04 2.82 3.08 1.08 4.06 9.71E-03 3.14E-Ol 1.36E-Ol 1.36E-01 1.36E-Ol 1.79E+Dl 1.48[+02 
40 1.75E+04 2.61 9.09 2.03 6.51 9.14E-03 1.28E-Ol 6.58E-01 6.58E-Ol 6.58E-Ol 2.74E+Ol 1.90E+02 
45 1.52[+04 2.45 2.56E+01 3.21 1.37E+Ol 9.93E-02 4.19E-01 1.55 1.55 1.55 5.38E+Ol 2.67E+02 
50 1.45E+04 3.79 4.52E+Ol 8.36 3.07E+Ol 1. 52E-Ol 5.46E-Ol 3.00 3.00 3.00 9.82E+Ol 4.13E+02 
55 1.64[+04 5.62 9.66E+Ol 1.42E+Ol 6.10E+Ol 7.40E-01 1.35 6.75 6.75 6.75 1.95E+02 7.47E+02 ~ 

I 
60 1.64E+04 9.32 1.49[+02 2.32E+01 9.91E+Ol 4.11E-Ol 1.78 1.08E+Ol 1.08E+Ol 1.08E+Ol 2.91E+02 1.19E+03 ~ 

65 1.38[+04 1.17E+Ol 1.67E+02 3.27E+Ol 1.22E+02 7.53E-01 2.80 1. SSE+Ol 1. 55E+Ol 1.55E+Ol 3.40E+02 1. 50E+03 
70 1.02[+04 1. 38E+Ol 1. 52E+02 3.44[+01 1.18E+02 6.27E-Ol 1.87 1.80E+Ol 1.80E+Ol 1.80E+Ol 3.32E+02 1. 59E+03 
75 7.22E+03 1. 52E+Ol 1.18E+02 3.32E+01 1.11E+02 8.29E-01 1.26 1.92E+Ol 1. 92E+Ol 1. 92E+Ol 3.09E+02 1. 60E+03 
80 4.78E+03 1. 50E+01 7.56E+01 2.71E+01 9.37E+01 6.26E-01 1.36 1.98E+01 1. 98E+Ol 1. 98E+Ol 2.51E+02 1. 52E+03 
85 3.19E+03 1.17E+01 4.40E+Ol 2.39E+01 7.14E+01 3.73E-01 9.44E-Ol 1. 76E+Ol 1. 76E+Ol 1.76E+01 1.68E+02 1. 38E+03 
90 1.98E+03 6.11 1. 33E+01 l.OOE+Ol 3.16E+01 2.09E-Ol 2.84E-Ol 1.02E+Ol 1.02E+01 1.02E+Ol 6.02E+01 1.11E+03 
95 8.91E+02 9.88E-Ol 1.23 1.43 3.83 9.15E-03 5.03E-02 1.26 1.26 1.26 7.45 8.91E+02 
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Table 4.3. (Continued) 

Neo lasmst 1 

Population Other 
Age Size CA-l CA-2 CA-3 CA-4 CA-S CA-6 CA-7 CA-8 CA-9 CA-10 Deaths 

F.emales 
5 2.11E+04 2.24 5.85E-02 0.0 5.24E-02 0.0 1. 32E-Ol 1. 43E-02 1.43E-02 1.43E-02 3.73 4.28E+Ol 

10 2.03E+04 2.55 1.84E-02 0.0 3.68E-02 0.0 1.85E-Ol 0.0 0.0 0.0 3.26 2.49E+O~ 

15 2.10E+04 1.55 1. 21E-02 0.0 3.64E-02 0.0 3.65E-Ol 0.0 0.0 0.0 3.26 2.25E+01 
20 1. 83E+04 1. 54 1. 70E-02 0.0 9.96E-02 0.0 4.34E-Ol l.lOE-02 1.10E·02 1.10E-02 3.33 4.12E+01 
25 1. 84E+04 1.54 1. 73E-Ol 1. 67E-Ol 4.68E-Ol 3.59E-Ol 2.54E-01 6.63E·02 6.63E-02 6.63E-02 6.05 4.89E+01 
30 1.90E-i-04 1.39 2.27E-Ol 2.25E-Ol 1. 31 2.52 1.67E-Ol 1.30E-01 1. 30E-Ol 1.30E-01 1. 07E+01 5.69E+01 
35 1.88E+04 1.43 7.80E-Ol 2.77E-01 2.22 6.80 1.15E-Ol 1. 33E-Ol 1. 33E-01 1. 33E-01 1.63E+01 7.41E+Ol 
40 1.72E+04 2.16 4.39 1.40 5.65 1. 28E+Ol 4.68E-Ol 6.48E-Ol 6.48E-Ol 6.48E-Ol 3.59E+Ol 1.06E+02 
45 1.5lE-i-04 2.42 7.63 1.96 1.01E+Ol 2.22E+01 5.28E-01 1.54 1. 54 1. 54 5.86E+Ol 1. 44E+02 
50 1.43E+04 2.93 1. 29E+01 3.15 1.82E+Ol 3.16E+01 3.99E-01 2.97 2.97 2.97 8.51E+Ol 2.23E+02 
55 1.65E+04 5.42 2.24E+01 5.81 3.74E+Ol· 5.10E+Ol 5.28E-Ol 6.79 6.79 6.79 1. 47E+02 3.84E+02 
60 1.68E-i-04 6.63 2.94E+Ol 9.64 6.14E+Ol 5.90E+Ol 1.12 l.llE+Ol l.llE+Ol l.llE+Ol 1. 97E+02 5.80E+02 ~ 

I 
65 1. 51E+04 7.96 2.69E+Ol 1. 31E-i-01 7.81E+Ol 5.57E+Ol 1.19 1. 69E+Ol 1. 69E+Ol 1. 69E+Ol 2.20E+OZ 7.60E+OZ U1 

70 1.28E+04 1.06E-i-Ol 2.68E+Ol 1.58E+01 9.40E+Ol 5.34E+01 1.13 2.28E+Ol 2.28E+01 2.28E+01 2.36E+OZ 9.96E+02 
75 9.59E+03 1.12E+Ol 2.32E+01 1.85E+01 9.62E+01 4.34E+01 1. 90 2.55E+Ol 2.55E+Ol 2.55E+01 2.21E+02 1. 22E ... 03 
80 7.15E+03 9.64 1.81E+01 1. 99E+Ol 9.22E+01 4.02E+Ol 9.87E-Ol 2.96E+01 2.96E+Ol 2.96E+01 1.86E+02 1. 51E+03 
85 5.53E+03 9.89 1. 41E+01 1.81E-i-01 8.13E+Ol 3.31E+01 6.62E-Ol 3.05E+Ol 3.05E+Ol 3.05E+Ol 1. 51E+02 1.8lE ... 03 
90 4.05E+03 5.24 7.36 1.08E+Ol 4.53E+Ol 1. 73E+01 5.41E-01 2.09E+Ol 2.09E+Ol 2.09E ... 01 8.10E+Ol 2.07E+03 
95 2.04E+03 2.20 9.74E-01 1.40 6.69 3.60 1. 03E-01 2.89 2.89 2.89 1. 30E+Ol 2.04E ... 03 

tl CA-l = leukemia, CA-2 = lung cancer, CA-3 = stomach cancer, CA-4 = intestinal cancer, CA-5 = breast cancer, CA-6 = bone cancer, CA-7 = liver plus 
pancreatic cancer, CA-8 = cancer of urinary organs, sex organs, CA-9 = lymphoma, CA-10 = all other neoplasms not listed in CA-l to CA-9, CAS= 
total of all cancers. 
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Table 4.4. Cumulative Spontaneous Cancer Mortality for Five-Year Intervals 
for the Regional Population 

Time NeoJ:!lasmst1 

(Years) CA-l CA-2 CA-3 CA-4 CA-S CA-6 CA-7 CA-8 CA-9 CA-10 CAS CAS/Death 

5 116.9 609.2 181.6 762.7 249.7 16.4 157.2 157.2 157.2 2,156.9 4,564.9 0.207 
10 128.2 667.4 202.6 849.0 272.2 18.0 176.7 176.7 176.7 2,376.9 5,044.3 0.212 
15 140.5 719.4 224.0 934.7 293.6 19.2 198.2 198.2 198.2 2,588.9 5,514.8 0.206 
20 151.9 762.0 242.9 1,008.4 313.1 20.2 217.2 217.2 217.2 2,773.5 5,923.7 0.203 
25 161.8 798.5 259.3 1,071.1 332.8 21.1 233.7 233.7 233.7 2,936.1 6,282.0 0.206 
30 170.1 835.9 273.0 1,125.7 353.6 22.2 247.5 247.5 247.5 3,087.2 6,610.2 0.212 
35 176.8 881.0 285.1 1,177.9 375.1 23.3 258.8 258.8 258.8 3,239.4 6,934.9 0.217 
40 183.5 939.4 297.4 1,234.5 395.7 24.4 268.5 268.5 268.5 3,406.7 7,287.1 0.210 
45 191.0 1,011.7 312.1 1,302.1 414.5 25.6 278.4 278.4 278.4 3,602.8 7,695.2 0.220 
50 201.3 1,093.3 332.5 1,389.8 433.8 27.3 292.8 292.8 292.8 3,845.6 8,202.0 0.225 

~ 
55 216.0 1,173.4 360.8 1,500.9 456.3 29.3 316.4 316.4 316.4 4,131.8 8,817. 5 0.232 I 

0\ 
60 233.3 1,240.3 392.5 1,619.8 482.2 30.9 347.4 347.4 347.4 4,421. 3 9,462.4 0.234 
65 248.7 1,287.9 419.0 1,719.8 506.1 32.1 376.9 376.9 376.9 4,657.0 10,001.1 0.232 
70 258.5 1,317.9 435.8 1,783.2 523.1 33.0 396.5 396.5 396.5 4,802.4 10,343.5 0.229 
75 262.5 1,340.6 442.5 1,810.2 532.8 33.6 403.8 403.8 403.8 4,870.1 10,503.7 0.227 
80 263.9 1,368.2 444.6 1,822.5 539.1 34.2 403.0 403.0 403.0 4,923.4 10,604.9 0.226 
85 267.7 1,405.8 450.7 1,851. 6 548.3 34.9 404.0 404.0 404.0 5,028.6 10,799.6 0.229 
Total 3,372.6 17,451.9 5,556.3 22,963.8 7 ,021. 8 445.6 4,977.1 4,977.1 4,977.1 62,848.7 134,591.8 

tl CA-l = leukemia, CA-2 = lung cancer, CA-3 = stomach cancer, CA-4 = intestinal cancer, CA-5 = breast cancer, CA-6 = bone cancer, 
CA-7 = liver plus pancreatic cancer, CA-8 = cancer of urinary organs, sex organs, CA-9 = lymphoma, CA-10 = all other neoplasms 
not listed in CA-l to CA-9, CAS= total of all cancers, CAS/Death= ratio of spontaneous cancer cumulative mortality to all 
death. 

" 
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for females in 1970. The trend in incidence of diseases could be related to 
several factors, including changes in the environment. Attempts to predict 
the future incidence of neoplasms only on the basis of past trends could 
produce erroneous results. The increase in total cancer mortality with time, 
as shown in Table 4.4, is due in part to an increase in the size of the popula
tion and in part to changes in the population age distribution. 

4.3 PATTERN OF MORTALITY FROM RADIATION-INDUCED NEOPLASMS 

Potential mortality as a result of radiation-induced neoplasms was calculated 
on the basis of the total radiation doses from exposures to mine emissions 
along the pathways of irradiation depicted in Figure 3.3. 

Similar to the spontaneous incidence of neoplasms, age-specific mortality from 
each type of radiation-induced neoplasm in the presence of all the other 
causes of mortality was calculated. The probability of radiation-induced 
mortality from each type of neoplasm was calculated by both 11 absolute risk11 

and ••relative ris~· models (NAS 1972; USNRC 1975). The age- and sex-specific 
parameters for these models are those recommended in BEIR III ( NAS 1980). In 
addition to being dependent on the magnitude of the radiation dose, the absolute 
risk model is dependent on age, sex, and the type of neoplasm. The dependence 
on the radiation dose is expressed by a linear-quadratic function. The relative 
risk model is dependent on dose, age, sex, type of neoplasm, and the rate of 
spontaneous incidence of the same neoplasm. 

For each model, the potential radiation-induced mortalities were calculated 
from age·-specific incidence of each type of neoplasm. Separate calculations 
were made for each sex and for the populations of each town in the region. As 
examples, the radiation-induced mortality rate for the period 50 to 55 years 
from now are given in Tables 4.5 and 4.6 for the absolute and relative risk 
models, respectively. As indicated in the tables, the age-specific death 
rates are smaller than unity for each type of neoplasm. 

The cumulative radiation-induced mortality for both sexes and all ages for the 
two risk models is summarized in Tables 4.7 and 4.8 for each five-year period. 
Comparison of the data in these two tables indicates that the predicted leading 
cause of death is not the same for the two models. For the absolute risk 
model, the leading cause of potential mortality is leukemia; for the relative 
risk model, the leading cause is cancer of the urinary system. The total 
predicted potential mortality from all neoplasms is 95 people under the absolute 
risk model and 243 people under the relative risk model. The ratio of the 
predicted mortalities from the two models (relative/absolute) is 2.6. 

4.4 GENETIC EFFECTS 

The total number of radiation-induced genetic disorders was calculated from an 
equilibrium-level genetic-induction factor of 4.2 x 10-8 disorders per mrem 
for dominant effects and 5.0 x 10-8 per mrem for multifactorial genetic dis
orders (USNRC 1975). The doses to gonads of males and females were normalized 
by 0.8 and 0.2 on the basis of the reported sensitivities (NAS 1980). 

The natural incidence of genetic disorders in the United States is 0.107 for 
each liveborn (NAS 1980). For the region of the mines, the total births 
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Table 4.5. Age-Specific Mortality Rate for the Five-Year Period 2032-2037 from Radiation-Induced 
Neoplasms for the Regional Population--Absolute Risk Modelt 1 

Neo lasmst2 

Population Other 
Age Size CA-l CA-2 CA-3 CA-4 CA-S CA-6 CA-7 CA-S CA-9 CA-10 Deaths 

Males 
5 2.2£+04 l.lE-03 0.0 0.0 0.0 0.0 7.0£-06 0.0 0.0 0.0 0.0 5.6£+01 

10 2.1£+04 3.4£-03 2.6£-05 6.3£-05 3.4£-06 0.0 2.3£-05 6.6£-06 6.2£-06 2.7£-06 8.1£-05 3.8£+01 
15 2.2£+04 7. SE-03 1.3£-04 2.4£-04 1. 7£-05 0.0 2.7£-05 3.3£-05 2.0£-0S 1.4£-0S 4.3£-04 4.1£+01 
20 1. 9£+04 4.6£-03 3.1£-04 4.6£-04 4.1£-0S 0.0 3.1£-05 8.0£-0S 4.7E-OS 3.2E-OS l.OE-03 1.1£+02 
25 1.9£+04 5.9£-02 6.6£-04 1.6£-03 1.7£-04 0.0 6.2£-0S 1. 7£-04 2./E-04 6.9£-05 3.3£-03 1. S£+02 
30 1.9£+04 1. OE-01 1. 3£-03 2.6£-03 3.3£-04 0.0 8.2£-05 3. 3£-04 4.8£-04 1.3£-04 6.2£-03 1.4£+02 
35 1.9£+04 1. 6£-01 2.0£-03 3.8£-03 5.3£-04 0.0 l.SE-04 5.3£-04 7.3£-04 2.1£-04 1.0£-02 1. 5£+02 
40 1. 7£+04 2.2£-01 2.8£-03 8.1£-03 1.2£-03 0.0 2.3£-04 7.4£-04 1.2£-03 3.0£-04 4.4£-02 1.9£+02 
45 1.5£+04 2.8£-01 3.5£-03 9.3£-03 1.5£-03 0.0 3.3£-04 9.2£-04 1. SE-03 3.7£-04 5.5£-02 2.7£+02 
50 1.4£+04 2.6£-01 3.3£-03 8.8£-03 1.4£-03 0.0 3.1£-04 8.7£-04 1. 4£-03 3.5£-04 S.ZE-02 4.1£+02 
55 1.6£+04 3.0£-01 3.8£-03 2.6£-02 4.2£-03 0.0 3.5£-04 9.8£-04 3.2£-03 3.9£-04 7.6£-02 7.5£+02 ~ 

I 

60 1.6£+04 2.9£-01 3.7£-03 2.6£-02 4.1£-03 0.0 . 3.4£-04 9.7£-04 3.2£-03 3.9£-04 7. 5E-02 1. 2£+03 (X) 

65 1.4£+04 2.4£-01 3.1£-03 2.2£-02 3.4£-03 0.0 2.8£-04 8.1£-04 2.7£-03 3.2£-04 6.2£-02 1.5£+03 
70 1.0£+04 1. 7E-01 2.2£-03 1. 6E-02 2.5£-03 0.0 2.0E-04 S.BE-04 1. 9£-03 2.3£-04 4.4£-02 1.6£+03 
75 7.2£+03 1. 2£-01 1. SE-03 l.lE-02 1. 7£-03 0.0 1.4£-04 3.9£-04 1. 3£-03 1. 6£-04 3.0£-02 1.6£+03 
80 4.8£+03 7.1£-02 9.3£-04 6.8£-03 l. OE-03 0.0 8.4£-05 2.4£-04 8.6£-04 9.7£-05 1. 9£-02 1.5£+03 
85 3.2£+03 4.2£-02 5.6£-04 4.3£-03 6.3£-04 0.0 S.OE-05 1. SE-04 5.5£-04 5.9£-05 l.lE-02 1. 4E+03 
90 2.0£+03 2.1£-02 2.9£-04 2.4E-03 3.3£-04 0.0 2.SE-OS 7.6£-05 3.1£-04 3.1£-0S 5.9£-03 1.1£+03 
95 8.9£+02 3.9£-02 6.1£-05 7.3£-04 7.0£-05 0.0 4.1£-06 1. 6E-OS l.OE-04 6.6£-06 1. 3£-03 8.9E+02 
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Table 4.5. (Continued) 

Neo lasmst2 

Population Other 
Age Size CA-l CA-2 CA-3 CA-4 CA-5 CA-6 CA-7 CA-8 CA-9 CA-10 Deaths 

Females 
5 2.1E+04 l.OE-03 0.0 0.0 0.0 0.0 6.7E-06 0.0 0.0 0.0 0.0 4.3E+01 

10 2.0E+04 3.3E-03 2.5E-05 6.0E-05 3.2E-06 0.0 2.2E~05 6.2E-06 5.9E-06 2.6E·06 7.7E-05 2.5E+01 
15 2.1E+04 7.1E-03 1.2E-04 2.2E-04 1. 6E-05 8.5E-04 2.5E·05 3.1E-05 1.9E~o5 1. 3E-05 4.1E-04 2.2E+01 
20 1.8E+04 4.3E-03 2.9E-04 4.3E-04 3.8E-05 2.0E-03 2.9E-05 7.4E-05 4.4E-05 3.0E-05 9.6E-04 4.1E+Ol 
25 1.8E+04 5.4E-02 6.1E·04 1. 5E·03 1. 6E-04 4.3E-03 5.7E·05 1. 6E-04 2.5E-04 6.3E-05 3.0E·03 4.9E+Ol 
30 1.9E+04 9.2E-02 1.2E-03 2.4E-03 3.1E-04 7.5E-03 7.5E·05 3.0E-04 4.5E·04 1.2E·04 5.7E-03 5.7E+Ol 

35 1.9E+04 l.SE-01 1.9E-03 3.5E-03 4.9E-04 1. 2E-02 1. JE~04 4.8E-04 6.9E·04 1.9E-04 9.2E-03 7.4E+Ol 
40 1. 7E+04 2.0E-Ol 2.6E-03 7.6E-03 l.lE-03 1. 7E-02 2.1E·04 6.8E-04 1. ZE-03 2.7E-04 4.1E-02 1.1E+02 

45 1. 5E+04 2.5E-Ol 3.2E-03 8.7E-03 1.4E-03 2.1E-02 2.9E~04 8.4E-04 1. 4E-03 3.4E-04 5.1E-02 1.4E+02 

50 1.4E+04 2.4E-Ol J.OE-03 8.2E-03 1. 3E-03 2.0E-02 2.8E·04 7.9E-04 1. 3E-03 3.2E-04 4.7E-02 2.2E+02 

55 1.6E+04 2.7E-Ol 3.5E-03 2.5E-02 3.9E-03 2.3E-02 3.2E-04 9.1E-04 3.1E-03 3.7E-04 7.1E-02 3.8E+02 

60 1.7E+04 2.8E-Ol 3.6E-03 2.5E-02 4.0E-03 2.3E-02 3.2E·04 9.3E-04 3.2E-03 3. 7E-04 7.2E-02 5.8E+02 ~ 
I 

65 1.5E+04 2.4E-Ol 3.1E-03 2.2E-02 3.5E-03 2.0E-02 2.8E·04 8.1E-04 2.8E-03 3.2E-04 6.3E-02 7.6E+02 \0 

70 1.3E+04 2.0E-Ol 2.6E-03 1. 9E-02 2.9E-03 1. 7E-02 2.3E-04 6.7E-04 2.3E-03 2.7E-04 5.2E-02 1. OE+03 

75 9.6E+03 1.4E-01 1.8E-03 1. 3E-02 2.0E-03 1. 2E-02 1. 6E-04 4.7E-04 1. 7E-03 1. 9E~04 3.6E-02 1.2E+03 

80 7.1E+03 9.1E-02 1. 2E-03 9.4E-03 1. 4E-03 8.3E-03 1.1E~04 3.2E-04 1. 2E-03 1. 3E-04 2.5E-02 l.!iE+03 

85 5.5E+03 6.3E-02 8.6E-04 6.8E-03 9.6E-04 6.0E-03 7.4E-05 2.2E·04 8.9E-04 9.0E-05 1. 7E-02 1.8E+03 

90 4.0E+03 3.8E-02 5.5E-04 4.6E-03 6.1E-04 4.0E-03 4.6E·05 1.4E-04 6.1E-04 5.8E-05 1.1E-02 2.1E+03 

95 2.0E+03 9.8E-02 1.5E-04 1. 7E·03 1. 7E-04 1. JE-03 1. OE-05 3.8E-05 2.4E-04 1. 6E-05 3.0E-03 2.0E+03 

t' Risk coefficients, delay periods, and expression periods adopted from NRC 1975 and BEIR III. 
t2 CA-l = leukemia, CA-2 = lung cancer, CA-3 = stomach cancer, CA-4 = intestinal cancer, CA-5 = breast cancer, CA-6 = bone cancer, CA-7 = liver plus 

pancreatic cancer, CA-8 = cancer of urinary organs, sex organs, CA-9 = lymphoma, CA-10 = all other neoplasms not listed in CA-l to CA-9, CAS = 

I 
total of all cancers. 

I 
j 

l 

l 
~ 
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Table 4.6. Age-Specific Mortality Rate for the Five-Year Period 2032-2037 from Radiation-Induced 
Neoplasms for the Regional Population--Relative Risk Modelt 1 

Neo~lasmst2 

Population Other 
Age Size CA-l CA-2 CA-3 CA-4 CA-S CA-6 CA-7 CA-8 CA-9 Deaths 

Males 
5 2.2E+04 l.SE-04 0.0 0.0 0.0 0.0 3.1E-07 0.0 0.0 0.0 5.6E+Ol 

10 2.1E+04 5.3E-04 9.4E-07 0.0 4.7E-07 0.0 4.2E-06 0.0 0.0 0.0 3.8E+Ol 
15 2.2E+04 8.SE-04 7.1E-07 0.0 3.1E-06 0.0 4.1E-05 0.0 0.0 0.0 4.1E+Ol 
20 1.9E+04 1.4E-03 6.6E-06 9.9E-06 2.3E-OS 0.0 8.6E-OS 1. 7E-07 3.0E-05 l.lE-07 1.1E+02 
25 1. 9E+04 2.9E-03 1. 3E-04 l.SE-04 1.SE-04 0.0 1. 2E-04 2.1E-06 3.6E-04 1. 4E-06 1. SE+02 
30 1.9E+04 2.8E-03 4.6E-04 4.4E-04 4.0E-04 0.0 6.9E-OS 7.7E-06 1. 2E-03 5.1E-06 1.4E+02 
35 1. 9E+04 4.9E-03 3.3E-03 2.6E-03 1.7E-03 0.0 1.2E-04 1.3E-OS 1. 9E-03 8.6E-06 1. 5E+02 
40 1.7E+04 S.GE-03 1. SE-02 7.0E-03 4.3E-03 0.0 7.1E-05 9.6E-OS 1. 3E-02 6.4E-05 1. 9E+02 

-'=" 
45 1. SE+04 6.3E-03 G.OE-02 1.SE-02 1.3E-02 0.0 3.2E-04 3.3E-04 4.3E-02 2.2E-04 2.7E+02 I ...... 
50 1.4E+04 9.7E-03 1.1E-01 3.8E-02 2.9E-02 0.0 4.1E-04 6.3E-04 8.3E-02 4.2E-04 4.1E+02 0 

55 1.6E+04 1.4E-02 2.3E-Ol G.SE-02 S.SE-02 0.0 l.OE-03 1.4E-03 1. 9E-Ol 9.4E-04 7.5E+02 
60 1.6E+04 2.4E-02 3.SE-Ol 1.1E-01 9.4E-02 0.0 1. 3E-03 2.3E-03 J.OE-01 1. SE-03 1. 2E+03 
65 1. 4E+04 3.0E-02 3.9E-01 1.5E-Ol 1.1E-01 0.0 2.1E-03 3.2E-03 4.2E-01 2.1E-03 1. 5E+03 
70 1. OE+04 3.4E-02 3.4E-Ol 1.SE-01 l.lE-01 0.0 1.4E-03 3.6E-03 4.8E-01 2.4E-03 1. 6E+03 
75 7.2E+03 3.7E-02 2.SE-Ol 1.4E-Ol 9.7E-02 0.0 8.7E-04 3.7E-03 S.OE-01 2.4E-03 1. 6E+03 
80 4.8E+03 3.4E-02 1. SE-01 1.1E-Ol 7.5E-02 0.0 8.7E-04 3.5E-03 4.9E-Ol 2.3E-03 1. SE+03 
85 3.2E+03 2.4E-02 7.SE-02 8.7E-02 4.9E-02 0.0 5.3E-04 2.7E-03 4.0E-Ol l.SE-03 1.4E+03 
90 2.0E+03 l.OE-02 1.6E-02 3.0E-02 1. GE-02 0.0 1. 2E-04 l.lE-03 2.0E-Ol 7.4E-04 1.1E+03 
95 8.9E+02 2.4E-03 4.7E-04 2.SE-03 6.2E-04 0.0 8.9E-06 4.2E-05 1. GE-02 3.1E-05 8.9E+02 
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Table 4.6. (Continued) 

Neo~lasmst2 

Population Other 
Age Size CA-l CA-2 CA-3 CA-4 CA-S CA-6 CA-7 CA-8 CA-9 Deaths 

Females 
5 2.1E+04 1. OE-04 0.0 0.0 0.0 0.0 6.4E-07 0.0 0.0 0.0 4.3E+Ol 

10 2.0E+04 3.7E-04 2.2E-07 0.0 l.BE-07 0.0 3.9E-06 0.0 0.0 0.0 2.5E+Ol 
15 2.1E+04 4.8E-04 6.8E-07 0.0 8.3E-07 0.0 2.0E-05 0.0 0.0 0.0 2.2E+Ol 
20 1. 8E+04 8.2E-04 2.6E-06 0.0 6.1E-06 0.0 2.3E-OS 1. SE-07 2.7E-OS 1. OE-07 . 4.1E+Ol 
25 1.8E+04 1.2E-·o3 5.6E-05 1. 6E-04 6.1E-05 9.SE-05 2.8E-05 1. 9E-06 3.3E-04 1. 3E-06 4.9E+Ol 
30 1. 9E+04 1. SE-03 1. 3E-04 3.5E-04 3.1E-04 1. 2E-03 3.2E-05 6.9E-06 l.lE-03 4.6E-06 5.7E+Ol 
35 1. 9E+04 1. 9E-03 7.6E-04 6.4E-04 8.7E-04 5.4E-03 3.4E-05 1.2E-05 1. 7E-03 7.7E-06 7.4E+Ol 

'40 1. 7E+04 3.6E-03 6.5E-03 4.4E-03 3.4E-03 1. 6E-02 2.0E-04 8.5E-05 1. 2E-02 5.7E-05 1.1E+02 
45 1.5E+04 4.7E-03 1. 6E-02 8.2E-03 8.6E-03 3.8E-02 2.9E-04 2.9E-04 3.9E-02 1. 9E-04 1.4E+02 

~ 

50 1.4E+04 5.7E-03 2.7E-02 1. 3E-02 1. SE-02 S.SE-02 2.2E-04 5.5E-04 7.6E-02 3.7E-04 2.2E+02 I ..... 
55 1. 6E+04 l.lE-02 4.7E-02 2.SE-02 3.2E-02 8.9E-02 3.0E-04 1. 3E-03 1. BE-01 8.5E-04 3.8E+02 

..... 

60 1.7E+04 1.3E-02 6.2E-02 4.1E-02 5.3E-02 1. OE-06 6.3E-04 2.1E-03 2.9E-Ol 1.4E-03 5.8E+02 
65 1. 5E+04 1. 5E-02 5.6E-02 5.5E-02 6.6E-02 9.6E-02 6.6E-04 J.lE-03 4.3E-Ol 2.1E-03 7.6E+02 
70 1. 3E+04 2.0E-02 5.4E-02 6.5E-02 7.6E-02 8.9E-02 6.0E-04 4.1E-03 5.7E-Ol 2.7E-03 9.9E+02 

75 9.6E+03 2.0E-02 4.3E-02 7.2E-02 7.3E-02 6.9E-02 9.5E-04 4.2E-03 6.1E-Ol 2.8E-03 1. 2E+03 

80 7.1E+03 1.6E-02 3.0E-02 7.2E-02 6.3E-02 5.9E-02 4.5E-04 4.4E-03 6.7E-Ol 3.0E-03 1. 5E+03 

85 5.5E+03 1.5E-02 2.1E-02 6.0E-02 4.9E-02 4.4E-02 2.7E-04 4.0E-03 6.4E-Ol 2.7E-03 1.8E+03 

90 4.0E+03 7.1E-03 8.6E-03 3.1E-02 2.2E-02 1. 9E-02 l.SE-04 2.2E-03 3.9E-Ol 1. 5E-03 2.1E+03 

95 2.0E+03 4.5E-03 3.7E-04 2.4E-03 l.lE-03 2.1E-03 1. 5E-05 9.7E-05 3.7E-02 7.0E-05 2.0E+03 

tl Risk coefficients, delay periods, and expression periods adopted from NRC 1975 and BEIR III. 
t2 CA-l = leukemia, CA-2 = lung cancer, CA-3 = stomach cancer, CA-4 = intestinal cancer, CA-5 = breast cancer, CA-6 = bone 

cancer, CA-7 = liver plus pancreatic cancer. CA-8 = cancer of urinary organs, sex organs, CA-9 = lymphoma, CAS = total of 
all cancers. 
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Table 4.7. Cumulative Radiation-Induced Cancer Mortality--Absolute Risk Model 

Time Neo~lasmst 1 

(Years) CA-l CA-2 CA-3 CA-4 CA-S CA-6 CA-7 CA-8 CA-9 CA-10 CAS CAS/Death 

s 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.10E-07 
1S 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 2.99E-06 
20 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 8.72E-06 
2S o.s 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.6 1. 98E-OS 
30 0.9 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.2 1.2 3.94E-OS 
3S 1.6 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.3 2.1 6.64E-OS 
40 2.S 0.0 0.2 0.0 0.1 0.0 0.0 0.0 0.0 o.s 3.3 9.54E-05 
4S 3.S 0.0 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.7 4.7 1. 35E-04 
50 4.7 0.1 0.3 0.0 0.2 0.0 0.0 0.0 0.0 1.0 6.3 1.74E-04 
55 S.8 0.1 0.4 0.1 0.2 0.0 0.0 0.1 0.0 1.3 8.0 2.09E-04 
60 6.9 0.1 o.s 0.1 0.3 0.0 0.0 0.1 0.0 1.6 9.S 2.36E-04 ~ 

6S 7.8 0.1 o.s 0.1 0.3 0.0 0.0 0.1 0.0 1.8 10.8 2.SOE-04 I ..... 
70 8.6 0.1 0.6 0.1 0.4 0.0 0.0 0.1 0.0 2.0 11.9 2.63E-04 N 

7S 8.6 0.1 0.6 0.1 0.4 0.0 0.0 0.1 0.0 2.1 12.1 2.60E-04 
80 8.4 0.1 0.6 0.1 0.4 0.0 0.0 0.1 0.0 2.1 11.8 2.52E-04 
8S 8.3 0.1 0.7 0.1 0.4 0.0 0.0 0.1 0.0 2.1 11.9 2.51E-04 
Total 68.4 0.9 4.8 0.8 2.9 0.1 0.2 0.7 0.1 1S.8 . 94.6 

tl CA-l = leukemia, CA-2 = lung cancer, CA-3 = stomach cancer, CA-4 = intestinal cancer, CA-S = breast 
cancer, CA-6 = bone cancer, CA-7 = liver plus pancreatic cancer, CA-8 = cancer of urinary organs, 
sex organs, CA-9 = lymphoma, CA-10 = all other neoplasms not listed in CA-l to CA-9, CAS= total of 
all cancers, CAS/Death = ratio of cumulative spontaneous cancer mortality to all deaths. 
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Table 4.8. Cumulative Radiation-Induced Cancer Mortality--Relative Risk Model 

Time Neol:!lasmst 1 

(Years) CA-l CA-2 CA-3 CA-4 CA-5 CA-6 CA-7 CA-8 CA-9 CAS CAS/Death 

5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.79E-07 
15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 3.57E-06 
20 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.2 0. 0 . 0.4 1. 44E-05 
25 0.1 0.1 0.2 0.1 0.0 0.0 0.0 0.6 0.0 1.1 3.64E-05 
30 0.1 0.3 0.3 0.2 0.1 0.0 0.0 1.3 0.0 2.3 7.28E-05 
35 0.2 0.6 0.5 0.3 0.2 0.0 0.0 2.3 0.0 4.0 1. 25E-04 
40 0.3 .1.0 0.7 0.5 0.3 0.0 0.0 3.5 0.0 6.3 1. 82E-04 

.r 45 0.3 1.6 1.0 0.8 0.5 0.0 0.0 5.1 0.0 9.3 2.66E-04 
50 0.4 2.4 1.3 1.1 0.7 0.0 0.0 7.0 0.0 13.0 3.57E-04 
55 0.5 3.3 1.8 1.5 0.9 0.0 0.1 9.4 0.0 17.6 4.62E-04 
60 0.5 4.4 2.3 2.0 1.1 0.0 0.1 12.4 0.1 22.9 5.69E-04 ..5:a 

65 0.6 5.4 2.8 2.4 1.2 0.0 0.1 15.5 0.1 28.1 6.53E-04 I ..... 
70 0.6 6.1 3.1 2.7 1.2 0.0 0.1 17.9 0.1 31.8 7.05E-04 w 

75 0.6 6.7 3.3 2.7 1.1 0.0 0.1 19.6 0.1 34.2 7.39E-04 
80 0.6 6.9 3.4 2.8 1.0 0.0 0.1 20.6 0.1 35.5 7.59E-04 
85 0.6 7.2 3.5 2.8 1.0 0.0 0.1 21.1 0.1 36.5 7.76E-04 
Total 5.5 46.0 24.1 20.0 9.3 0.2 0.8 136.7 0.6 243.2 

tl CA-l = leukemia, CA-2 = lung cancer, CA-3 = stomach cancer, CA-4 = intestinal cancer, CA-S = 
breast cancer, CA-6 = bone cancer, CA-7 = liver plus pancreatic cancer, CA-B = cancer of urinary 
organs, sex organs, CA-9 = lymphoma, CAS = total of all cancers, CAS/Death = ratio of cumulative 
spontaneous cancer mortality to. all deaths. 
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during the five-year period 1982-1987 is predicted to be 31,954 (Table 4.9), 
resulting in 684 genetic disorders per year from natural causes. The total 
number of genetic disorders induced by exposure to the radiation from the 
mines during the same five-year period is predicted to be 0.1 for each type of 
genetic disorder. The estimated ratio of radiation-induced to naturally 
induced genetic disorders is about 3 x 10-4. 

Under Alternatives B through 0, risks of somatic (except for cancer of the 
lung) and genetic effects would be reduced to less than 0.!% of those levels 
calculated above for Alternative A. The risk of lung cancer would decrease to 
about 25% and 10% of the risks under Alternative A ·for Alternatives B and C1 
through 0, respectively. 

4.5 DISCUSSION OF HEALTH EFFECTS 

Potential mortalitiy from natural causes and from present conditions of radia
tion exposure in the vicinity of the Jackpile-Paguate mines was calculated for 
a 90-year period using both absolute and relative radiation-risk models. The 
changes in the population size, birth rates, and radiation-induced and natural 
mortality are summarized in Table 4.9. Under the existing radiation envi
ronment at the mines, about 243 radiation-induced deaths from nine types of 
neoplasms were projected to occur under the relative risk model, compared to 
about 95 deaths from all neoplasms under the absolute risk model (Table 4.9). 
It is anticipated that after decommissioning of the mine site, both somatic 
and genetic effects would decrease to about 0.1% of the predicted potential 
risks for all organs except for the respiratory system. Because of the contribu
tion of radon decay products, the risk of lung cancer could decrease to about 
4% of the prereclamation values. 

Since the relative risk model includes consideration of the spontaneous incidence 
of diseases, the predictions are affected by the data base selected. The 
spontaneous incidence of some neoplasms is different among the races and even 
among racially similar populations in different regions. Because of this, use 
of the relative risk model could result in predictions of dissimilar risks 
from the same exposure. In contrast, the absolute risk model would yield the 
same estimate of additional deaths for the same exposure, and it would be 
independent of the year selected for analysis. 

Among the many input parameters used in analysis of risk are risk coeffi
cients, delay period, and period of expression of the risk. The bounds of 
uncertainty in these parameters, which depend on age, sex, race, and rate and 
duration of exposure (Momeni et al. 1976), are not known. Probabi 1 ity of 
incidence of radiation-induced diseases is a continuous function (Goffman 
1981; Momeni 1979), often expressed as a step function with fixed duration of 
expression and delay (NAS 1972; USNRC 1975). For these analyses, variable 
expression periods with age-dependent incidence rates were utilized where the 
data were available. Expression of the probability function as lognormal or 
normal function is facilitated in the PRIM code, but was not used for these 
analyses. The shape of the probability density function does not seem to be 
unique (Momeni 1979) and is dependent on the pattern of exposure, as well as 
on age. 

A crucial problem in analysis of risk is assignment of confidence limits. To 
quantify the uncertainties in the results, the uncertainties of the values of 
the parameters used in the calculations must be propagated through the analysis. 

CONFIDENTIAL POL-EPA01-0007769 



4-15 

',! 

'" Table 4.9. Population Characteristics and Cumulative Natural and 
Potential Radiation-Induced Mortality for Period 1982-2072 

Time Total Total Natural Radiation-Induced 
(Years) Population Births Cancer Deaths Cancer Deaths All Deaths 

Absolute Risk Model 
5 362,100 31,954 4,564.9 0.0 22,079.5 

10 371,974 36,283 5,044.3 0.0 23,752.0 
15 384,505 39,392 5,514.8 0.1 26,738.8 
20 397,158 39,798 5,923.7 0.3 29,149.7 
25 407,807 38,410 6,282.0 0.6 30,517.0 
30 415,700 38,034 6,610.2 1.2 31,170.6 
35 422,564 43,704 6,934.9 2.1 31,999.1 
40 434,269 42,170 7,287.1 3.3 34,700.3 
45 441,739 43,766 7,695.2 4.7 35,024.6 
50 450,480 44,162 8,202.0 6.3 36,480.6 
55 458,162 44,991 8,817.5 8.0 38,056.4 
60 465,097 46,570 9,462.4 9.5 40,379.6 
65 471,287 47,962 10,001.1 10.8 43,065.1 
70 . 476,183 49,013 10,343.5 11.9 45,194.7 
75 480,001 49,973 10,503.7 12.1 46,367.1 
80 483,607. 50,957 10,604.9 11.8 46,865.6 
85 487,699 52,231 10,799.6 11.9 47,177.8 

Relative Risk Model 
5 362,100 31,954 4,564.9 0.0 22,079.5 

10 371,974 36,283 5,044.3 0.0 23,752.0 
15 384,505 39,392 5,514.8 0.1 26,738.9 
20 397,158 39,798 5,923.7 0.4 29,149.8 
25 407,807 38,410 6,282.0 1.1 30,517.4 
30 415,700 38,034 6,610.1 2.3 31,170.8 
35 422,562 43,702 6,934.6 4.0 31,999.0 
40 434,265 42,166 7,286.4 6.3 34,699.2 
45 441,732 43,758 7,694.0 9.3 35,021.7 
so 450,468 44,149 8,199.7 13.0 36,474.4 
55 458,143 44,969 8,813.5 17.6 38,043.9 
60 465,067 46,"535 9,455.9 22.9 40,359.9 
65 471,242 47,908 9,991.1 28.1 43,032.1 
70 476,117 48,936 10,329.1 31.8 45,142.8 
75 479,911 49,868 10,485.0 34.2 46,294.4 
80 483,484 50,820 10,582.4 35.5 46,772.1 
85 487,531 52,059 10,773.0 36.5 47,061.3 
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A rigorous error analysis is often not feasible because of limited knowledge 
concerning the confidence limits of the input parameters, subjective selection 
of a value for some of the risk coefficients, and numerical validity of models 
utilized in prediction of radiation doses and assessment of risks. Furthermore, 
use of conservative values for the input parameters, whenever the actual values 
are not known, would result in larger predictions than expected. Even though 
selection of overly conservative values for these analyses was avoided to the 
extent possible, values for some the input parameters were unavailable, so there 
is an element of uncertainty concerning the calculated doses. The magnitude 
of uncertainty in doses is surmised to be not less than a factor of five 
(± 2.5 times) for some organs and at some localities. Similarly, the uncer
tainty in the risks is surmised to be not less than a factor of 5 (± 2.5 times) 
of the risks predicted here. 
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5. ANALYSIS OF HYDROLOGIC FLOW PATTERNS 

5.1 INTRODUCTION 

Hydrologic flow patterns in the mine area were analyzed to determine the 
potential for future contamination of the surface and groundwater, and thus 
permit incorporation of corrective actions in the reclamation procedures. The 
technique of hydrological simulation was used to predict potential groundwater 
flow, transport of radionuclides, and equilibrium groundwater level after 
decommissioning of the Jackpile-Paguate mines. Because of the limited amount 
of data available on groundwater in the area, and the fact that the natural 
geologic stratification of the mine site has been altered by past mining 
operations, simplified assumptions were used to model the groundwater flow. 
The assumptions are detailed and input parameters listed in Appendix C. 

The analysis of flow pattern includes consideration of the following factors: 
(1) pattern of rainfall infiltration through waste piles into groundwater, 
(2) pattern of infiltration of ponded water behind blocked arroyos and in mine 
pits into groundwater, and (3) pending of groundwater in the mine pits. These 
analyses may provide information on (1) equilibrium level of groundwater after 
reclamation, (2) extent of contact between equilibrium level of groundwater 
and the mine wastes, (3) depth of soil cover required in the mine pits to 
eliminate surface pending of the groundwater, and (4) discharge flow pattern 
of groundwater into Rio Paguate and Rio Moquino. 

5.2 INFILTRATION OF PRECIPITATION AND SURFACE WATER INTO GROUNDWATER 

The potential for contamination of groundwater by infiltration of rainfall or 
ponded water containing radionuclides from the waste piles was studied by 
cross-sectional flow analysis. In this simulation, a waste pile of dimensions 
equivalent to the 11 S11 pile (Fig. 2.24) was assumed to be adjacent to the 
blocked arroyo. A pond was assumed to be formed by runoff behind the dammed 
arroyo. The pond was further assumed to have a maximum head of 0.6 m (2 ft) 
of water during rainfall, but disappearing shortly after rainfall. The cross 
section of the waste pile and the pond are shown along with information on 
pertinent hydrologic characteristics in Figure 5.1. 

Three scenarios of intermittent effective rainfall [rainfall of 5 em/month 
(2 in/month) minus infiltration of 2.5 em/month (1 in/month)] averaging 2.5 em/ 
month (1 in/month) were considered (Fig. 5.2). In the first case, it was 
assumed that a 90-day period of continuous rainfall was followed by a 180-day 
dry season, then by 90 more days of continuous rainfall. This would be an 
upper-limit case resulting in a high rainfall-infiltration pattern. For the 
second case, the pattern was changed to a cycle of 30 days of continuous 
rainfall, followed by a dry season lasting 150 days. In the third case, a 
period of continuous rainfall of only 10 days was assumed. Conditions around 
the Jackpile-Paguate mines are more typical of this third case. 
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Figure 5.1. Schematic Diagram of the Wastepile and Ponded Water 
behind the Blocked Arroyo. 

Water-table fluctuations were simulated over a period of one year for each of 
the three rainfall patterns. The method used to compute the resulting ground
water mounds and graphi ca 1 results of each flow pattern are presented in 
Appendix C. The cross sections of the groundwater mound beneath the pond 
formed by rain runoff are shown in Figures 5.3 through 5.5 for the rainfall 
patterns of cases 1, 2, and 3, respectively. The x axis on the figures is 
distance in the horizontal direction, and x = 0 is located at the geometric 
center of the pond. The 11y11 axis is the height of the groundwater mound above 
the interface between the alluvium and the bedrock (Dakota and Jackpile sand
stone). The time periods indicated are from the beginning of the rainfall. 
The groundwater mound is assumed to be symmetrical, and the flow patterns are 
identical in all directions from the x-axis. More detailed analyses, results, 
and discussions are included in Section C.3, Appendix C. 

The analyses indicated that in all cases the groundwater would spread horizon
tally without directly contacting the waste piles. It also was indicated that 
the potential for contamination of groundwater with radionuclides from the 
waste piles as a result of infiltration of rainfall or pond recharge would be 
minimaL 
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Figure 5.2. Three Cases of Intermittent Rainfall. 
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Figure 5.3. Calculated Cross Sections of Groundwater 
Mound under Case 1 Rainfall Pattern-
Days 15-60. 
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Figure 5.4. Calculated Cross Sections of Groundwater 
Mound under Case 2 Rainfall Pattern-
Days 15-60. 
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Figure 5.5. Calculated Cross Sections of Groundwater 
Mound under Case 3 Rainfall Pattern-
Days 15-60. 

5.3 INFILTRATION OF PRECIPITATION INTO WASTE PILES 

The methods used to analyze infiltration of precipitation into waste piles are 
similar to those outlined in Section 5.2, the major difference being that the 
presence of ponded water was not incorporated into this model. The analysis 
indicates that the infiltration of rainfall through a waste pile would not 
cause further degradation of groundwater quality. This is because moisture in 
the ground would evaporate before formation of a saturated zone above the 
interface of alluvium and the bedrock. 

5.4 SURFACE PONDING OF GROUNDWATER 

Ponded groundwater in the open mine pits contains elevated concentrations of 
radionuclides and toxic chemicals similar to those in the groundwater under 
the site (see Sec. 2.3.2.3). Both the Anaconda Co. and the U.S. Department of 
the Interior Task Force proposals for mine reclamation include provisions to 
backfill the mine pits to above the equilibrium groundwater recovery level and 
eliminate surface ponding of groundwater. Detailed calculations of equilibrium 
groundwater recovery level are presented in the following sections. 

5.4.1 Anaconda Proposal 

The Anaconda proposal for reclamation (Alternative C1) provides for all open 
pits to be backfi 11 ed to 1 m (3 ft) above the groundwater recovery 1 eve 1. 
This might result in the elimination of the potential for surface ponding of 
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groundwater after the recovery of the aquifer. Because the backfill material 
might be about two or three orders of magnitude more permeable than the original 
undisturbed Jackpile sandstone it replaces (Hydro-Search 1981), the post-mining 
equilibrium water recovery levels in the mine area might be lower than the 
pre-mining potentiometric surface. After reclamation, most of the groundwater 
would move through the ground and backfilled open-pit mines toward the Rio 
Paguate. Additionally, some water might continue to move through the surround
ing and underlying undisturbed Jackpile sandstone. Most of the water in the 
Jackpile pit backfill would move through the surrounding Jackpile sandstone 
and eventually enter the alluvium and the Rio Paguate. The water in the 
backfill in the Paguate pits would discharge principally into that reach of 
the Rio Paguate adjacent to the pits. More detailed analysis of groundwater 
flow in backfill in the Paguate pits after reclamation is provided in Sec
tion 5.5. Because the Rio Paguate is the discharge point for the groundwater, 
the water level in the stream will also control the total amount of water 
discharged from the pits. 

5.4.2 Department of the Interior Proposal 

Department of the Interior Task Force proposal for reclamation (Alternative C2) 
provides for all open pits to be backfilled to 3 m (10 ft) above the groundwater 
recovery level. The hydrological conditions described above for the Anaconda 
proposal also may prevail under this proposal, except that the possibility of 
groundwater ponding is less likely under the Department of the Interior proposal. 

5.5 PREDICTION OF EQUILIBRIUM GROUNDWATER LEVEL IN SOUTH PAGUATE PIT 

An analysis was conducted to determine the equilibrium groundwater level in 
the South Paguate pit after it has been backfilled. This was done to calculate 
the level of backfill needed to preclude surface pending of groundwater in the 
pit following recovery of the aquifer. 

The Rio Paguate separates the South Paguate pit .from the North Paguate pit 
(Fig 5.6). The two pits were connected by an excavation across and beneath 
the Rio Paguate. Prior to mining of the Paguate pit area, the Rio Paguate was 
rechanneled for about 600 m (2000 ft) from the point where it entered the 
western edge of the mine lease just south of the town of Paguate (Fig. 5.6) 
(Hydro-Search 1981). The rechanneled streambed was lined with backfill material. 
The backfill beneath the streambed extends from the stream to the central part 
of the South Paguate pit, providing a potential drain for groundwater leaving 
the pit. To determine the equilibrium groundwater levels that will be estab
lished after reclamation of the South Paguate pit, a flow section representing 
the most likely path for groundwater flow in the area was chosen. This section, 
as indicated in Figure 5.6, stretches from the southernmost edge of the pit 
(southeast of well P6) to the Rio Paguate upstream from well P4. A schematic 
diagram showing the cross section of the selected flow path is presented in 
Figure 5.7. 

The backfill beneath the Rio Paguate is of variable thickness. A cross section 
prepared by Anaconda Co. (cross section 12 of 11 Jackpile-Paguate Mine Additional 
Cross Sections 1-19, 11 undated) shows backfill under the stream to be 12 m 
(40 ft) deep. Well site P4 is underlain by about 5 m (16 ft} of fill (Hydro
Search 1979}. The length of stream channel exposed to fill from the South 
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Topographic and Hydrologic Map of the South 
Paguate Pit Area. 
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Figure 5.7. Schematic Diagram Showing the Cross Section of 
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Paguate pit is about 490 m {1600 ft), as measured between the upstream and 
downstream ends of the pit. 

The existing waste dump, as shown in Figure 5.7, overlies the Jackpile sandstone, 
which is underlain by a mudstone unit of the Brushy Basin member. The sandstone 
is both the ore-bearing formation and the principal bedrock aquifer in the 
area. The mudstone unit is assumed to be the lower hydrologic boundary in the 
local groundwater system. Most recharge in the Jackpile-Paguate pit area 
probably occurs at the higher altitudes north of the mine, where there is 
likely to be more rainfall and less evaporation. Waterhead data from wells 
indicate that in the South Paguate pit area, groundwater in the Jackpile 
sandstone generally moves to the northeast. Seepage occurs at open-pit faces 
where saturated Jackpile sandstone has been excavated. Since the bottom of 
the Jackpile sandstone is near the bottom of the pit {Fig 5.7), flow in the 
sandstone is almost completely intercepted along the western and southern 
peripheries of the pit for a distance of about 2400 m {8000 ft) {Fig. 5.6). 

~ The water now discharging into the pit usually evaporates at the seepage 
surface, or collects in the pit and is later used for dust suppression. After 
the South Paguate pit is backfilled, the seepage into the pit will tend to 
saturate the pit backfill and then flow primarily through backfill material to 
the Rio Paguate. There will be very little leakage into the underlying Jackpile 
sandstone. The positions representing the top of the Jackpile sandstone in 
Figure 5.7 were sketched on the basis of Anaconda Co. exploration hole data 
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and lithologic descriptions of wells (Hydro-Search 1980, 1981). It is indi
cated in the diagram that the gradient of the Jackpile sandstone surface is 
about half a degree from the pit to the stream. 

The position of the water table at equilibrium in the South Paguate pit area 
was estimated by using the Dupuit formula derived for two-dimensional unconfined 
flow (Harr 1962, Pol ubari nova-Kochima 1962). Detai 1 ed descriptions of the ~ 
formula can be found in the references cited and in Appendix C.4. The para
meters required to calculate the groundwater level, the corresponding symbols 
used in the Dupuit formula, and the values selected for the parameters are 
shown in Table 5.1. The reasons for these selections are discussed in 
Appendix C.4. The computations of equilibrium groundwater levels were made by 
first determining the amount of recharge into the pit, which includes the 
discharge from the Jackpile sandstone and local infiltration from direct 
precipitation and runoff. The bedrock discharge into the pit [about 0.33 m3 /day 
per meter (3.6 ft3 /day per foot) of stream length] was calculated from the 
Darcy•s equation with the hydraulic gradient (I.) in the Jackpile sandstone 
taken from the value measured at wells M1 and M5 (Fig. 5.6). The amount of 
infiltration was assumed to be 0%, 5%, and 10% of local precipitation. 

After determining the recharge and assuming the controlling flow depth (hQ) in 
the Rio Paguate, the positions of the water table in the South Paguate pit 
area were back-calculated from h

0
. 

Symbol 

or 

L 

Table 5.1. Selected Data for Groundwater Flow 
Analysis for South Paguate Pit 

Parameter 

Annual average precipitation 
Drainage area for South Paguate pit 

Flow depth in Rio Paguate 
Hydraulic conductivity of Jackpile sandstone 

Hydraulic conductivity of backfill material 

Equilibrium hydraulic gradient in Jackpile 
sandstone 

Saturated thickness of Jackpile sandstone 

Angle of inclination of sandstone surface 
Horizontal distance between the pit and Rio Paguate 

Values t 1 

9.5 in 
400 ac 

0, 2, 5 ft 
0.3 ft/day 

190 ft/day 

0.02 

120 ft. 

0° "' 42° 
5,500 ft 

t 1Conversions: 1 in= 2.54 em; 1 ft = 0.3048 m; 1 ac = 4.046 x 103 m2 • 
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Results of the computations, showing the differences (6h) between the water 
level in backfill at the southern end of the pit and the streambed level, are 
presented in Table 5.2. For the maximum discharge conditions considered in 
this study, the maximum 6h would be about 3 m (9 ft). The results also indicate 
that a sloping bedrock surface would not result in an appreciable change in 
the groundwater level. For the same flow conditions, the maximum difference 
would be only about 0.2 m (0.7 ft). The reason for this small difference is 
that the transmissivity of the backfill is so great that it dominates the flow 
characteristics. The elevation of backfill needed in the South Paguate pit 
can be determined on the basis of the 6h values shown in Table 5.2. Hydro
Search Inc. (1979, 1981) indicated that the stream-level elevation (above mean 
sea level) at well M23 is 1829 m (6000 ft), and about 300 m (1000 ft) downstream 
from well M23 it is 1821 m (5975 ft). The maximum elevation of the water 
level at the southern end of the pit would, therefore, be between 1832 and 
1824 m (6009 and 5984 ft). At the northern end of this pit, which is about · 
910 m (3000 ft) from Rio Paguate, the maximum Ah wuld be about 2 m (7 ft). 
The maximum water level at this location would be between 1831 and 1823 m 
(6007 and 5982 ft) above mean sea level. Elevations of the equilibrium water 
level inside the South Paguate pit would, therefere, vary from 1832 to 1823 m 
6009 to 5982 ft). 

5.6 PREDICTION OF EQUILIBRIUM GROUNDWATER LEVEL IN JACKPILE PIT 

The procedures used to determine the equi 1 i bri urn groundwater 1 eve 1 in the 
Jackpi1e pit were basically the same as those described in the previous section 
for the South Paguate pit. However, the hydrogeo 1 ogi c characteristics of 
these two areas are somewhat different. 

The Jackpile pit is east of Rio Moquino and Rio Paguate and west of Gavilan 
mesa. The mesa, with a maximum elevation of 1967 m (6453 ft), is the highest 
area around the Jackpile pit. A topographic/hydrologic map of the vicinity of 
the pit is presented in Figure 5.8. 

Several wells were installed in 1977 and 1980 to conduct hydrologic studies in 
the Jackpile-Paguate mining area. Locations of those wells surrounding Jackpile 
pit are shown in Figure 5.8. Most of the wells are open to the Jackpile 
sandstone, the principal aquifer in the area. None are completed solely in 
bedrock overlying the Jackpile sandstone. Well M17, which is at the south
western end of the Jackpile pit, was drilled into mine waste rock. 

Wells drilled to the Jackpile sandstone are generally open to the entire 
thickness of the stratum, and therefore can be used to determine genera 1 
directions of groundwater flow and general groundwater gradients in that 
stratum. Groundwater data from selected test wells indicate that recharge 
flow into the Jackpile mine area is probably from overlying strata to the 
north. There is no apparent recharge area to the east of the Jackpile pit. 
It can be surmised that flow from that direction is the local recharge through 
the fractured rocks in Gavilan mesa. Data supporting this assumption are not 
available. 

The waste dump at the southwestern end of the Jackpile pit extends southward 
to a small mesa on which well M18 is located. Although there are insufficient 
data to clearly determie the flow direction in the vicinity of well M18, it is 
presumably toward the Rio Paguate. 
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Table 5.2. Equilibrium Groundwater levels in South Paguate Pit 
for Both Horizontal and Inclined Bedrock Surfacest1 

Bedrock 
Discharge into 
Backfill (q.) 
(ft3/day/fl) 

3.6 

3.6 

3.6 

Rate of 
·Infiltration into 

Backfill (q.) 
(ft3/day/ft) 1 

0 

1.2 

2.4 

t 1 Conversion: 1 ft = 0.3048 m. 

Total 
Discharge 

in Backfill (q) 
(ft3/day/ft) 

3.6 

4.8 

6.0 

t2 a= angle of inclination of sandstone surface. 

CONFIDENTIAL 

Assumed Water level above River Streambed (ah) (ft) Flow Depth 
(ft) a = Ot2 a '1- Ot2 

0 2.5 2.4 
2 4.4 4.2 
5 7.3 7.2 

0 3.3 3.0 
2 5.2 4.9 
5 8.0 7.6 

0 4.1 3.6 
2 6.0 5.4 
5 8.7 8.0 
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To determine the equilibrium groundwater levels in the Jackpile pit after 
reclamation, a flow section representing the most likely flow path for ground
water in the area was chosen. This section, as indicated i-n Figure 5.8, 
stretches from the western edge of Gavilan Mesa, through the site of well M18, 
to the Rio Paguate. A conceptual diagram showing the geologic cross section 
along the selected flow path is presented in Figure 5.9. The relative positions~ 
of the surface of the existing backfill and the bedrock surface beneath the 
backfill were approximated on the basis of cross-sectional data provided by 
the Anaconda Co. 

Mancos shale above the Dakota sandstone forms the tops of the locally high mesas. 
The existing backfill overlies the Jackpile sandstone, which in turn is under
lain by the mudstone unit of the Brushy Basin member. The mudstone, which is 
composed of fine sand to silt-sized fragments, is assumed to be the lower 
hydrologic boundary in the local groundwater system. As previously mentioned, 
recharge in the area occurs mostly at the higher elevations north of the mine. 
Sources of water entering the Jackpile pit are the same as for South and North 
Paguate pits, i.e., the discharge from the Jackpile sandstone and local infil
tration from direct precipitation and runoff. Discharge from Jackpile pit 
backfill would be through the Jackpile sandstone, and most of the water would 
probably enter the alluvium and the Rio Paguate southwest of the pit. The 
level of the Rio Paguate would therefore be the ultimate hydraulic control for 
water levels in backfill at the Jackpile pit. Discharge at the southern end 
of the Jackpile pit could also be through the mudstone unit of the Brushy 
Basin member. However, since an areal model of groundwater flow is not readily_ 
available, and since the mudstone stratum is relatively impermeable compared 
to the Jackpile sandstone and the waste fill, the groundwater in the Jackpile 
pit area was assumed to flow in the direction of the path shown in Figure 5.8. 

Groundwater discharge in the Jackpile pit area would flow across at least four 
boundaries of different strata, compared with only two boundaries in the 
Paguate pits. After reclamation, groundwater levels in backfill would move 
toward equilibrium between potential heads in Gavilan mesa and the levels of 
the streams adjacent to the pit. The Rio Moquino is at an elevation of 1806 m 
(5925 ft) west of the Jackpile pit, and the Rio Paguate is at an elevation of 
about 1785 m (5855 ft) near the southwestern end of the pit. 

Because field data for such parameters as exact positions of the saturated 
zones, the hydraulic gradients, and the hydraulic conductivity of rocks other 
than the Jackpile sandstone were lacking, use of sophisticated numerical 
models to determine the equilibrium groundwater level in the Jackpile pit area 
was not warranted. Instead, the water level was estimated by developing a 
computer program based on the Dupuit formula for two-dimensional unconfined 
flow (Polubarinova-Kochima- 1962; Harr 1962). The parameters required for the 
Dupuit formula and the values selected are shown in Table 5.3. The discharge 
from Jackpile sandstone into the backfill was estimated by assuming an equili
brium hydraulic gradient (I.) for the sandstone. This assumed gradient was 
later compared with the caiculated groundwater level. If the calculated 
gradient was significantly different from the assumed value, the average of 
the two values was taken as the new gradient and the calculation of groundwater 
level was repeated. Using this trial and error process, the final solutions 
were obtained when the assumed and the calculated hydraulic gradients for the 
recharge area were in close agreement. The discharge to the Jackpile pit from 
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Figure 5.9. Schematic Diagram Showing the Cross Section of Selected 
Groundwater Flow Path through the Jackpile Pit. 

Symbol 

Table 5.3. Selected Data for Groundwater 
Flow Analysis for Jackpile Pit 

Parameter 

Annual average precipitation 
Drainage area for Jackpile pit 
Flow depth in Rio Paguate 

Hydraulic conductivity of Jackpile sandstone 

Hydraulic conductivity of backfill material 

Hydraulic conductivity of alluvium 
Equilibrium hydraulic gradient in Jackpile 

Saturated thickness of Jackpile sandstone 

Horizontal distance from Rio Paguate: 
alluvium 
Jackpile sandstone 
backfill 
Jackpile sandstone 

Valuest 1 

9.5 in 

475 ac 
o. 2, 5 ft 
0.3 ft/day 

190 ft/day 

22 ft/day 

0.03 
120 ft 

500 ft 
1700 ft 
6200 ft 
7200 ft 

t 1 Conversions: 1 in = 2.54 em; 1 ft = 0.3048 m; 1 ac = 4.046 x 103 m2 . 
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local infiltration of precipitation was taken into account in the same way as 
was done for the South Paguate pit (Sec. 5.5). 

The results showing the differences (Ah) between the water level in backfill 
at the northern end of the Jackpile pit and in the stream bed are presented in 
Table 5.4. For the maximum discharge conditions, the maximum Ah would be 
about 33 m (108 ft) after reclamation. The streambed of the Rio Paguate is at 
an elevation of about 1785 m (5855 ft) above mean sea level near the south
western end of the pit (Hydro-Search 1979). Therefore, the maximum elevation 
of the equilibrium groundwater level at the northern end of the Jackpile pit 
would be about 1818 m (5963 ft). The results of the calcuations indicated 
that the position of the groundwater level in the Jackpile pit (Fig. 5.9) 
would be only about 0.3 m (1 ft) less than the maximum elevation. Furthermore, 
in contrast to the Paguate pit area, the equilibrium groundwater levels in the 
Jackpile pit area would not vary significantly with changing water levels in 
the Rio Paguate. This is because the Jackpile sandstone has a low trans
missivity, which would negate the influence of water-level changes in the 
stream. 

Table 5.4. Equilibrium Groundwater Levels in the Jackpile Pitt1 

Bedrock Dis- Rate of Total Water Level 
charge into Infiltration Discharge in Assumed River above 
Backfi 11, q. into Backfill, in Backfill , Flow Depth, Streambed, 
(ft3 /day/fd qi (ft3 /day/ft) q (ft3/day/ft) h

0 
(ft) ah (ft) 

2.2 0 2.2 0 67 
2 68 
s 70 

2.2 0.9 3.1 0 87 
2 88 
5 90 

2.2 1.8 4.0 0 106 
2 107 
5 108 

tl Conversion: 1 ft = 0.3048 m. 

The results shown in Table 5.4 indicate that the rate of infiltration into the 
backfill in the Jackpile pit can have significant effect on the calculated 
groundwater level. However, the sandstone would slow the groundwater flow and 
leave ample ti.me for the infiltrated water in the pit backfill to evaporate. 
Any discharge into the Rio Paguate as a result of infiltration would be minimal 
and would not greatly affect the groundwater regime in the area. 
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APPENDIX A. DESCRIPTION OF DECOMMISSIONING-RECLAMATION ALTERNATIVES 

A.1 ALTERNATIVE A- NO ACTION 

A.1.1 Objectives 

40 CFR Part 1502.14 requires that all environmental impact statements address 
the no-action alternative. For this project, no action means that the Depart
ment of the Interior would not approve any reclamation alternative. Thus, no 
reclamation would be conducted. 

A.1.2 Future Land Uses 

• None - except mining. 

• Specifically excluded are any human or livestock access to the site, 
except worker access to collect environmental monitoring data, to 
perform site maintenance, or for additional mining activities. 

A.1.3 Reclamation Measures 

Open Pits 

• No action. 

Protore Stockpiles 

• No action. 

Waste Piles 

• No action. 

Site Stability and Drainage 

• No action. 

Structures 

• No action. 

Revegetation 

• No action. 

A-1 
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Monitoring 

Continue present monitoring programs. Guard site to prevent unauthor
ized access. 

A.2 ALTERNATIVE B - NO FUTURE USE (SACRIFICE AREA) 

A.2.1 Objectives 

Reduce the adverse offsite environmental impacts. 

Prevent human and livestock access to the site. 

Monitor the site to the extent necessary to provide early detection 
of any developing environmental hazards that could impact the offsite 
environment. 

A.2.2 Future Land Uses 

None - except mining. 

Specifically excluded are any human or livestock access to the site, 
except worker access to collect environmental monitoring data, to 
perform site maintenance, or for additional mining activities. 

A.2.3 Reclamation Measures 

Open Pits 

No action (see revegetation). 

Pro tore 

Relocate the protore* piles that lie adjacent to the Rio Moquino and 
Rio Paguate to other protore piles. 

Cover all protore piles with one foot of topsoil. 

Waste Piles 

No action. 

Site Stability and Drainage 

Relocate all protore and waste material that lies within 200 feet of 
the Rio Paguate and Rio Moquino to other protore and waste piles. 

Construct a levee along the north side of the Rio Paguate to prevent 
the flooding of the North Paguate Pit. 

*Any material containing equal to or more than 0.02% U3 08 (~55 pCi/g U-238). 
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Construct a series of sediment traps in all major arroyos that have 
the potential of encroaching upon waste dumps. 

Construct erosion control berms along the Rio Moquino and Rio Paguate 
to prevent surface runoff from entering the rivers. 

Structures 

Blast all underground mine entries closed. Backfill vent holes with 
waste to within 10 feet of the surface, and place a 10-foot cement 
surface plug. 

Remove crusher, tipple, mining equipment, all buildings, sewage 
systems, and power lines. 

Remove all pumps, and cap all water wells. 

Revegetation 

Obtain topsoil from the four existing topsoil stockpiles. Place one 
foot of topsoil on all disturbed areas, including open pits, protore, 
and waste dumps. 

Revegetate all disturbed areas with plant species that will minimize 
soil erosion. 

Prevent any livestock grazing of the site. 

Monitoring 

Fence the entire site and the proposed location of Highway 279 with 
six-foot chainlink. 

Continue monitoring (by Anaconda) for five years after reclamation 
is completed. Subsequent monitoring to be performed by the Department 
of the Interior. 

• The Pueblo of Laguna and Bureau of Indian Affairs would prevent. 
unauthorized access to the site. 

A.3 ALTERNATIVE C1 - GRAZING USE (APPLICANT 1 S PROPOSAL) 

A.3.1 Objectives 

Mitigate the effects of mining disturbance on the leased lands. 

• Mitigate safety and health hazards. 

Protect the environment, with particular concern for the water 
resources. 

Enhance the visual resources of the area. 
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A.3.2 Future land Uses 

livestock grazing. 

Specifically excluded are habitation, farming, and construction of 
commercial or industrial facilities. 

A.3.3 Reclamation Measures 

Open Pits 

Backfi 11 to three feet above the groundwater- recovery 1 eve 1 (as 
determined by Anaconda). 

Backfill, with protore, waste dumps Hand J, and excess material 
obtained from the sloping of waste piles and the clearing of stream 
channels. 

Cover the backfill material with four feet of overburden and one 
foot of topsoi 1. 

Buttress the west side of the Gavilan Mesa highwall (the top of the 
highwall may be cut back by blasting or hauling). 

Fence the north, west, and south sides of the North and South Paguate 
Pits with six-foot chainlink. 

Scale all other highwalls. 

Protore Stockpiles 

Use all protore as backfill material. 

Waste Piles 

Relocate dumps H and J to the open pits as backfill material. 

Cover dumps that contain hazardous material on their outer surface 
with four feet of non-hazardous material and one foot of topsoil. 

Cover dumps that do not contain hazardous material on their outer 
surface with one foot of topsoil. 

leave previously topsoiled and revegetated dumps undisturbed (except 
to reseed and stabilize slopes, as necessary). 

Reduce the angle of some dump slopes. The slopes would vary from 
2:1 to 3:1, with an average grade of 2.25:1. The slopes would 
contain terraces and rock-1 i ned drop structures to drain surface 
runoff of the piles. 

Site Stability and Drainage 

CONFIDENTIAL 

Remove all Jackpile sandstone waste that lies within 200 feet of the 
Rio Moquino and Rio Paguate. 
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Armor arroyo headcuts that have the potential for encroaching upon 
waste dumps that contain Jackpile sandstone. 

Construct erosion control berms on the perimeter of all waste piles. 
Construct a series of erosion-control berms on the top of all waste 
piles to spread out surface runoff. 

Remove waste dump J and protore stockpiles 17-BC and 6-B to unblock 
the ephemeral drainage on the south side of the mine. The two 
blocked drainages on the north and south sides of Gavilan Mesa will 
remain blocked. 

The remainder of the site will drain to the Rio Paguate and Rio 
Moquino. 

Modify waste dumps as previously discussed. 

Structures 

Construct a cement bulkhead 680 feet below the collar of the P-10 
decline, and backfill to the surface. Place a 10-foot cement surface 
plug in each vent hole. All other mine entries would be covered by 
backfilling, or have been previously plugged. 

Remove crusher, tipple, and all other mining equipment. 

Salvage all rail spur track, ties, and the Quirk loading dock. 

Remove ballast and contaminated soils to the open pits. 

Clear the four main roads on the site and the parking areas on Lease 
Number 4 of Jackpile sandstone until values of twice background are 
achieved. These roads and parking areas will remain. Clear all 
other roads, parking areas, and associated structures of Jackpile 
sandstone until values of twice background are achieved, and recontour 
these areas to conform to the surrounding terrain. 

Remove all power lines, except those on Lease Number 4 (which serve 
the buildings on Lease Number 4 and areas exterior to the lease). 

Remove all pumps, and cap all water wells. 

Clean up P-10 mine buildings and the New Shop until radiological 
values of twice background are achieved. Leave these buildings and 
sewage systems intact. Remove all other buildings, including the 
employee housing, Jackpile Shop, Open Pit Offices, and powder. magazines. 

Revegetation 

Obtain topsoil from the four existing topsoil stockpiles and from a 
topsoil borrow area along the Rio Moquino. Place one foot of topsoil 
on all backfill material and waste dumps. 
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Revegetate all disturbed areas to approximately the species density 
and diversity of the surrounding undisturbed land. Revegetate with 
predominantly native grasses and shrubs that are conducive to the 
grazing of livestock. 

G Prevent grazing for three years following reclamation. 

Monitoring 

e Continue monitoring (by Anaconda) of surface water, groundwater, air 
qua 1 i ty, subsidence, revegetation success, and concentration of 
toxic elements in revegetation species for a period of three years 
following the completion of reclamation activities. 

o The Bureau of Land Management and the Bureau of Indian Affairs 
would monitor every aspect of the reclamation activities to ensure 
compliance with all reclamation requirements. The Pueblo of Laguna 
and the Bureau of Indian Affairs would control future land use on 
the site, and would prevent any uses not provided for by this recla
mation alternative. 

A.4 ALTERNATIVE C2 - GRAZING USE (DEVELOPED BY THE EIS TASK FORCE) 

A.4.1 Objectives 

o Fulfill the evaluation criteria to the greatest extent practicable 
without imposing unreasonably costly reclamation measures on Anaconda. 

o Accommodate the following land uses: 

Future Land Uses 

• Livestock grazing. 

G Specifically excluded are habitation and farming. 

A.4.3 Reclamation Measures 

Open Pits 

• Backfill to 10 feet above the groundwater-recovery level (as determined 
by the EIS Task Force). 

. 
• Use waste dumps H and J, excess material obtained from the sloping 

of waste piles, protore that contains less than 0.033% U3 08 , and 
overburden from waste dumps as backfill. 

• Cover the backfill material with one foot of overburden and one foot 
of top soil. 

• Buttress the west side of the Gavilan Mesa highwall (the top of the 
highwall may be cut back by blasting). Cut a 15-foot-deep trench in 
east end of Gavilan Mesa. 
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Slope the North Paguate highwall to a 3 to 1 slope and cover with 
two feet of topsoil. 

Trim the top edge of all highwalls (except Gavilan Mesa) to a 45-degree 
angle. Scale all other highwalls. 

Protore Stockpiles 

Relocate all protore piles that contain greater than 0.033% U3 08 to 
the open pits above the groundwater- recovery 1 eve 1 or to other 
stable locations. 

Cover the piles with four feet of overburden and one foot of soil. 

Waste Piles 

Relocate dumps H and J to the open pits as backfill material. 

Cover dumps that contain hazardous material on their outer surface 
with four feet of non-hazardous material and 1 foot of topsoil. 

Cover dumps that· do not contain hazardous material on their outer 
surface with two feet of topsoil. 

Leave previously topsoiled and revegetated dumps undisturbed (except 
to reseed, as necessary). 

Reduce all dump slopes to a 3:1 grade with the exception of FD-2, 
which would be reduced in height and slope to 2.25:1 and benched. 
All dump slopes and tops would be contour furrowed. 

Site Stability and Drainage 

Remove all protore and waste material that lies within 200 feet of 
the Rio Paguate and Rio Moquino. Construct a permanent cement base 
for the Rio Moquino immediately above its confluence with Rio Paguate. 
Construct a levee along the north side of the Rio Paguate to prevent 
the flooding of the North Paguate Pit. 

Create an artificial watershed divide south of dumps Y, Y-Z, and I 
to inhibit arroyo head cutting, and armor the arroyo north of dump 
FD-3 •. 

Contour furrow all pit a~eas. 

Slightly slope all dump tops away from their outer slopes. Contour 
furrow all dump tops. 

Remove waste dump J and protore stockpiles 17-BC and 6-B to unblock 
the ephemeral drainage on the south side of the mine. The two 
blocked drainages on the north and south sides of Gavilan Mesa will 
remain blocked. The remainder of the site will drain to the Rio 
Paguate and Rio Moquino. 
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Modify waste dumps as previously discussed. 

Structures 

Construct a cement bulkhead 680 feet below the collar of the P-10 
decline, and backfill to the surface. Bulkhead and fill the Alpine 
Mine entry. Backfill vent holes with waste to within 10 feet of the 
surface, and place a 10-foot cement surface plug. All other mine 
entries would be covered by backfilling, or have been previously 
plugged. 

Salvage all rail spur track, ties, and the Quirk loading dock. 
Remove ballast and contaminated soils to the open pits. 

Remove ballast and contaminated soils to the open pits. Cover 
disturbed area with one foot of topsoil. 

Clear the four main roads on the site of radiologically contaminated 
material until values of twice background are achieved. These roads 
will remain. Clear all other roads and associated structures of 
radiologically contaminated material until values of twice background 
are achieved, and recontour these areas to conform to the surrounding 
terrain. 

Clear the Woodrow Mine area of radiologically contaminated materials, 
and cover with soil so that radiological values of twice background 
are achieved. 

Remove crusher, t i pp 1 e, mining equipment, a 11 bui 1 dings, sewage 
systems, and power lines. 

Remove all pumps, and cap all water wells. 

Revegetation 

Obtain soil from the four existing topsoil stockpiles, from the soil 
borrow areas along the Rio Moquino, and from the east side of Gavilan 
Mesa. Place two feet of soil on all waste dumps that contain Jackpile 
sandstone on their outer surface, and all protore piles. 

Revegetate all disturbed areas to approximate the species density 
and diversity of the surrounding undisturbed land. Revegetate with 
predominantly native grasses and shrubs that are conducive to the 
grazing of livestock. 

Prevent grazing for three years following reclamation. 

Monitoring 

CONFIDENTIAL 

Continue monitoring (by Anaconda) of surface water, groundwater, air 
quality, subsidence, revegetation success, and concentration of 
toxic elements in revegetation species for a period of five years 
following the completion of reclamation activities. Subsequent 
monitoring to be performed by the Department of the Interior. 
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The Bureau of Land Management and the Bureau of Indian Affairs would 
monitor every aspect of the reclamation activities to ensure com
pliance with all reclamation requirements. The Pueblo of Laguna 
and Bureau of Indian Affairs would control future land use on the 
site, and would prevent any uses not provided for by this reclamation 
alternative. 

Access prior to and during reclamation would be controlled by Anaconda. 

A.S ALTERNATIVE D - MAXIMUM SITE USE 

A.S.l Objectives 

Fulfill the evaluation criteria to the greatest extent practicable 
without imposing unreasonably costly reclamation measures on Anaconda. 

Accommodate the following land uses: 

A.5.2 Future Land Uses 

Livestock grazing, construction, and use of commercial and industrial 
facilities such as office space, light manufacturing and storage, 
recreation, and additional mining activities. 

Specifically excluded are habitation and farming. 

A.5.3 Reclamation Measures 

Open Pits 

Backfill to 10 feet above the groundwater-recovery level (as determined 
by the EIS Task Force). 

Use waste dumps H and J, excess material obtained from the sloping 
of waste piles, protore that contains less than 0.033% U308 , and 
overburden from waste dumps as backfill. 

Cover the backfill material with one foot of topsoil. 

Buttress the west side of the Gavilan Mesa highwall (the top of the 
highwall may be cut back by blasting). Cut a 15-foot-deep trench in 
the east end of Gavilan Mesa. 

Slope the North Paguate highwall to a 3 to 1 slope and cover with 
two feet of topsoil. 

• Trim the top edge of all highwalls (except Gavilan Mesa) to a_45-degree 
angle. Scale all other highwalls. 

Protore Stockpiles 

Relocate all protore piles that contain greater than 0.033% uranium 
to the open pits above the groundwater recovery level, or to other 
stable locations. 
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Cover the piles with four feet of overburden and one foot of soil. 

Waste Piles 

Relocate dumps Hand J to the open pits as backfill material. 

Cover dumps that contain Jackpile sandstone on their outer surface 
with four feet of overburden and one foot of topsoil. 

Cover dumps that do not contain Jackpile sandstone on their outer 
surface with two feet of soil. 

Leave previously topsoiled and revegetated dumps undisturbed (except 
to reseed and modify slopes as necessary). 

Reduce all dump slopes to a 3:1 grade with the exception of dump 
FD-2, which would be reduced in height and slope to 2.25:1 and 
benched. All dump slopes and tops would be contour furrowed. 

Site Stability and Drainage 

Remove all protore and waste material that lies within 200 feet of 
the Rio Paguate and Rio Moquino. Construct a· permanent cement base 
for the Rio Moquino immediately above its confluence with the Rio 
Paguate. Construct a levee along the north side of the Rio Paguate 
to prevent the flooding of the North Paguate Pit. 

Create an artificial watershed divide south of dumps .Y, ·Y-Z, and I 
to inhibit arroyo-head cutting, and armor the arroyo north of dump 
FD-3. Contour furrow all pit areas. 

Slightly slope all dump tops away from their outer slopes. Contour 
furrow all dump tops. 

Remove waste dump J and protore stockpiles 17-BC and 6-B to unblock 
the ephemeral drainage on the south side of the mine. The two 
blocked drainages on the north and south sides of Gavilan Mesa would 
remain blocked. The remainder of the site, except the open pits, 
would drain to the Rio Paguate and Rio Moquino. 

Modify waste dumps as previously discussed. 

Structures 

CONFIDENTIAL 

Construct a cement bulkhead 680 feet below the collar of the P-10 
decline and backfill to the surface. Bulkhead and fill the Alpine 
Mine entry. Backfill vent holes with waste to within 10 feet of the 
surface and place a 10-foot cement surface plug. All other mine 
entries would be covered by backfilling or have been previously 
plugged. 

Salvage all rail spurtracks, ties, and Quirk loading dock. Remove 
ballast and contaminated soils to the open pits. 
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Clean up radiological hot spots along the rail spur until values of 
twice background are achieved. Remove the Quirk 1 cadi ng dock. 
Leave the rail spur intact. 

Clear the four main roads on the site and the parking areas for the 
geology building, Open Pit Offices, P-10 mine buildings, New Shop, 
and Old Shop of radiologically contaminated material until values of 
twice background are achieved. These roads and parking areas will 
remain. Clear all other roads and associated structures of radio
logically contaminated material until values of twice background are 
achieved and recontour these areas to conform to the surrounding 
terrain. 

Leave all power lines intact. 

Remove all pumps and cap all water wells. 

• Clean up the P-10 mine buildings, New Shop, 01 d Shop, geology 
buildings, and the Open Pit Offices until radiological values of 
twice background are achieved. Leave these bui 1 dings and their 
sewage systems intact. Remove all other buildings, including the 
employee housing and powder magazine. 

Clear the Woodrow Mine area of radiologically contaminated materials, 
and cover with soil so that radiological values of twice background 
are achieved. 

Revegetation 

• Obtain soil from the four existing topsoil stockpiles, from the soil 
borrow areas along the Rio Moquino, and from the east side of Gavilan 
Mesa. Place one foot of soil on all backfill material and dumps 
that do not contain Jackpile sandstone on their outer surface. 
Place two feet of soil on all waste dumps that contain Jackpile 
sandstone on their outer surface, and all protore piles. 

Revegetate all disturbed areas to approximate the species density 
and diversity of the surrounding undisturbed land. Revegetate with 
predominantly native grasses and shrubs that are conducive to the 
grazing of livestock. 

Prevent grazing for five years following reclamation. 

Monitoring 

Continue monitoring (by Anaconda) of surface water, groundwater, air 
quality, subsidence, revegetation success, and concentration· of 
toxic elements in revegetation species for a period of five years 
following the completion of reclamation activities. Subsequent 
monitoring to be performed by the Department of the Interior. 

The Bureau of Land Management and the Bureau of Indian Affairs would 
monitor every aspect of the reclamation activities to ensure cam~ 
pliance with all reclamation requirements. The Pueblo of Laguna 

POL-EPA01-0007798 



CONFIDENTIAL 

A-12 

and Bureau of Indian Affairs would control future land use on the 
site, and would prevent any uses not provided for by this reclama
tion alternative. Access prior to and during reclamation would be 
controlled by Anaconda. 
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Table 8.1. Annual Relative Frequence of Occurrence of Wind Speed 
and Direction--Sum of All Stability Classest1'2 

WIND SPEED, KNOTS 
-------------------------------------------------------------------WIND DIRECTION 0 - 3 4 - 6 7 - 10 11 - 16 17 - 21 OVER 21 ROW TOTALS 

-----------------------------------------------------------------------------------------------------------
N 0.01126 0.01126 0.01126 0.01126 0.00754 0.00754 0.06015 

NNE 0.01126 0.01126 0.00945 0.00945 0.00191 0.00191 0.04526 

HE 0.01509 0.01509 0.00694 0.00694 0.00312 0.00312 0.05029 

ENE 0.00875 0.00875 0.00945 0.00945 0.00060 0.00060 0.03762 

E 0.00252 0.00252 0.00312 0.00312 0.0 0.0 0.01127 

ESE 0.00191 0.00191 0.00372 0.00372 0.0 0.0 0.01127 

SE 0.00945 0.00945 0.00754 0.00754 0.00060 0.00060 0.03521 

SSE 0.04335 0.04335 0.03018 0.03018 0.00060 0.00060 o: 14826 o::J 
I 

N 
s 0.01257 0.01257 0.02324 0.02324 0.00060 0.00060 0.07282 

ssw 0.00372 0.00372 0.00754 0.00754 0.0 0.0 0.02253 

sw 0.00754 0.00754 0.01378 0.01378 0.00121 0.00121 0.04506 

WSW 0.01126 0.01126 0.01328 0.01328 0.00191 0.00191 0.05291 

w 0.00252 0.00252 0.00322 0.00322 0.0 0.0 0.01147 

WNW 0.00372 0.00372 0.00754 0.00754 0.0 0.0 0.02253 

NW 0.01378 0.01378 0.01630 0.01630 0.00121 0.00121 0.06256 

Nf'IW 0.07795 0.07795 0.04627 0.04627 0.03118 0.03118 0.31080 

-----------------------------------------------------------------------------------------------------------
COLUMN TOTALS: 0.23667 0.23667 0.21284 0.21284 0.05049 0.05049 1.00001 

tl Values are for rotated wind direction (see Sec. 2.4). 
t2 1 knot= 0.51444 meter/second. 
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Table C.l. Summary of Water Quality Sampling Results--February 
1979 - March 1982t1 (Concentrations in ppm except as noted) 

Location pHt2 TOS Cond.t2 HC03 - C1- 504· Na+ 

Rio Paguate 
upstream 

Range 7.9-8.5 304·1316 420-1550 46-376 9-16 "76-653 23·97 
Average 8.2 609 784 315 12 185 37 

Rio Moquino 
Upstream 

Range 8.0-8.45 1067-2538 1080-2850 195-396 8-26 581-1650 1-322 
Average 8.2 1622 1938 263 17 968 172 

Rio Paguate above 
the confluence n 

Range 7.9-8.6 397-1324 570-1570 198-361 7-25 97-1249 24-210 . 
Average 8.3 781 943 288 14 343 63 ..... 

Rio Moquino above ~ the confluence 
Range 7.9-8.43 692-2877 520-3050 195-420 10-27 227-1795 41.6-353 -I 

I'T'I n 
Average 8.2 1827 2210 271 18 1107 214 ::::0 I 

N 

Rio Paguate .0 
c: 

Ford Crossing > 
Range 7.6-8.4 1026-2347 1050-3000 183-351 11-30 544-1404 100-325 r--Average 8.2 1673 2081 285 20 1020 188 -I 

-< 
Paguate Reservoir c 

Range 7.39-8.6 934-4800 800-5350 30-276 9-105 511-3090 63-625 > 
Average 8.0 1934 2332 232 30 1243 214 -I 

> 
Jackpile #4 

Range 8.1-8.8 635-1053 900-1800 325-596 9-32 300-365 202-350 
Average 8 890 1332 368 18 325 288 

Jackpile New Shop 
Range 8.0-8.5 1111-1629 1500-2500 346-415 20-32 653-755 336-600 
Average 8.1 1443 1964 388 27 674 446 

Jackpile Old Shop 
Range 7.81-8.4 1397-4005 1900·4700 214-347 1-120 622-2480 274-560 
Average 8.2 2640 3056 287 67 1576 440 
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Table C.l. Continued 

Location K+ Ca++ Mg++ N03 
- F - Si02 

Mn++ 

Rio Paguate 
upstream 

t Range 3-25 62-160 20-78. <1-1.4 <0.1-0.81 14-36 <0.1-0.3 
Average 7 91 37 0.28 0.4 28 <0.1 

Rio Moquino 
~ 

upstream 
Range 7-24 107-350 6-180 <1-2.9 <0.1-0.9 9.3-30 <0.1-0.10 
Average 13 158 96 <1 <0.5 17 <0.1 

Rio Paguate above 
the confluence 

Range 3-19 37-202 20-151 <1-2 <0.1-0.70 13-34.7 <0.1-0.10 
Average 8 90 54 <1 0.4 24 <0.1 

Rio Moquino above 
the confluence 

Range 5.3-28 13-313 2-175 <1-2 <0.1-0.96 8-36 <0.1-0.13 
Average 14 168 108 <1 0.6 17 <0.1 n 

Rio Paguate 
I 
w 

Ford Crossing 
Range 5.4-27 105-274 44-160 <1-7 <0.1-0.81 3-25 <0.1-0.113 
Average 14 160 111 <1 0.53 17 <0.1 

Paguate Reservoir 
Range 2-84 136-309 0.013-330 <1-5 <0.1-1.0 0.2-18 <0.1-0.10 
Average 24 198 105 <1 0.55 6 <0.1 

Jackpi le 114 
Range· 1-8.2 3-6.4 <1-55 <1-2.7 <0.1-1.6 5.6-13 <0.1-0.10 

·Average 3 4 3 1 1.0 10 <0.1 
Jackpile New Shop 

Range 2-11 11-21 1-3 <1-3 <0.1-1. 5 7.4-17 <0.1-0.10 
Average 6 15 2 1 1.0 13 <0.1 

Jackpile Old Shop 
Range 1-20 30-386 26-246 <1-58 <0.1-1.05 4.3-18 <0.1-0.10 
Average 11 189 123 37 0.6 g <0.1 
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Table C.l. Continued 

Location As Ba Cd Cr Pb Hg Se 

Rio Paguate 
upstream 

Range <0.005-0.009 <0.05-0.56 <0.001-0.001 <0.005-0.008 <0.0005-0.055 <0.0005-0.0010 <0.01-0.01 
Average 0.005 0.1 <0.001 <0.005 0.012 <0.0005 0.01 

Rio Moquino 
upstream 

Range <0.005-0.028 <0.05-0.72 <0.001-0.001 <0.005-0.007 <0.005-0.047 <0.0005-0.0005 <0.01-0.01 
Average 0.005 0.09 <0.001 0.005 0.012 <0.0005 <0.01 

Rio Paguate above 
the confluence 

Range <0.005-0.008 <0.05-0.60 <0.001-0.001 <0.005-0.007 <0.005-0.060 <0.0005-0.0005 <0.01-0.01 
Average 0.005 0.08 <0.001 <0.005 0.011 <0.0005 <0.01 

Rio Moquino above 
the confluence 

Range <0.005-0.009 <0.05-0.64 <0.001-0.001 <0.005-0.006 <0.005-0.14 <0.0005-0.0009 <0.01-0.01 
Average <0.005 0.09 0.001 <0.005 0.018 <0.0005 <0.01 

Rio Paguate 
('"") 
I 

Ford Crossing ~ 

Range <0.005-0.007 <0.05-0.28 <0.001-0.001 <0.005-0.009 <0.005-0.05 <0.0005-0.0010 <0.01-0.01 
Average <0.005 0.09 <0.001 <0.005 0.015 <0.0005 <0.01 

Paguate Reservoir 
Range <0.005-0.011 <0.05-0.44 <0.001-0.001 <0.005-0.006 <0.005-0.059 <0.0005-0.0005 <0.01-0.01 
Average 0.007 0.08 <0.001 <0.005 0.016 <0.0005 <0.01 

Jackpile #4 
Range <0.005-0.007 <0.05-0.60 <0.001-0.001 <0.005-0.005 <0.005-0.055 <0.0005-0.0011 <0.01-0.01 
Average <0.005 0.09 <0.001 <0.005 0.012 <0.0005 <0.01 

Jackpile New Shop 
Range 0.005-0.008 <0.05-0.60 <0.001-0.001 <0.005-0.008 <0.005-0.065 <0.0005-0.0005 <0.01-0.01 
Average 0.006 0.06 <0.001 <0.005 0.02 <0.0005 <0.01 

Jackpile Old Shop 
<O.OOS-0.014 Range <0.005-0.008 <0.05-0.66 <0.001-0.008 <0.005-0.14 <0.0005-0.0005 <0.01-0.36 

Average 0.006 0.06 <0.001 <0.005 0.018 <0.0005 0.18 
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Table C.l. Continued 

Location Cu Fe Zn Mo Ni v u Ra-226t 2 

Rio Paguate 
upstream 

~-
Range <0.001-0.032 <0.1-0.31 0.002-0.052 <0.01-0.02 <0.005-0.005 <0.05-0.02 0.001-0.015 0. 02-1.20 
Average 0.005 0.06 0.008 <0.01 <0.005 <0.05 0.006 0.35 

' Rio Moquino 
upstream 

Range <0.001-0.014 <0.01-0.31 0.003-0.046 <0.01-0.01 <0.005-0.011 <0.05-0.02 0.001-0.12 0.02-0.60 
Average 0.004 <0.10 0.013 <0.01 <0.005 <0.05 0.008 0.28 

Rio Paguate above 
the confluence 

Range 0.001-0.019 <0.1-0.31 0.002-0.081 <0.01-0.01 <0.005-0.005 <0.05-0.02 0.007-0.296 0.32-12.17 
Average 0.005 <0.10 0.010 <0.01 <0.005 <0.05 0.066 3.04 

Rio Moquino above 
the confluence 

Range <0.001-0.010 <0.1-0.3 <0.001-0.18 <0.01-0.01 <0.005-0.005 <0.05-0.02 0.007-0.138 0.24-4.19 
Average 0.004 <0.10 0.012 <0.01 <0.005 <0.05 0.043 1. 26 

(") 

Rio Paguate I 

Ford Crossing 
U1 

Range <Q.001-0.025 <0.1-3.12 <0.001-0.038 <0.01-0.01 <0.005-0.005 <0.05-0.02 0.017-2.147 0.77-12.79 
Average 0.005 <0.15 0.01 <0.01 <0.005 <0.05 0.239 3.73 

Paguate Reservoir 
Range 0.002-0.012 <0.1-0.30 0.003-0.020 <0.01-0.01 <0.005-0.005 <0.05-0.05 0.004-1.214 0.05-3.01 
Average 0.005 <0.10 0.01 <0.01 <0.005 <0.05 0.236 1.03 

Jackpil e 114 
Range 0.003-0.014 <0.1-1.0 <0.001-0.041 <0.01-0.02 <0.005-0.012 <0.05-0.05 0.001-0.015 0. 06-1.90 
Average 0.004 <0.10 0.012 <0.01 <0.005 <0.05 0.007 0.58 

Jackpile New Shop 
Range 0.001-0.021 <0.1-0.2 0.008-0.210 <0.01-0.02 <0.005-0.005 <0.05-0.05 0.001-0.022 0.66-4.64 
Average 0.005 <0.10 0.055 0.01 <0.005 <0.05 0.009 2.55 

Jackpile Old Shop 
Range 0.001-0.071 <0.1-12.4 <0.001-3.7 <0.01-0.02 <0.005-0.005 <0.05-0.05 0.031-0.335 0.64-4.93 
Average 0.011 0.44 0.65 0.01 <0.005 <0.05 0.164 2.48 

tl Derived from water samples collected monthly by the Anaconda Co. during February 1979 through March 1982. 
t2 pH given in standard units; Cond. (conductivity) given in umhos; Ra-226 concentration given in pCf/L. 
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C.2. CALCULATION OF THE MOVEMENT OF CONTAMINANTS FROM THE JACKPILE-PAGUATE 
MINE TO THE TOWN OF LAGUNA 

C.2.1 Mathematical Model 

The movement of a dissolved substance through a sorbing confined aquifer is 
governed by the mass conservation requirement; in addition, a radioactive 
nuclide will undergo radioactive decay during this movement. This entire 
process thus will be governed by the equation: 

:t (nbC) + nsbps :~- V[nD•VC - Cq] + Ansbp5S = 0 (C.2-l) 

where: 

C = concentration of the solute in solution (mL-3) 
S = concentration of the solute in the adsorbed phase (M0

) 

ps = soil bulk density (mL-3) 
A= first order rate constant for decay (T- 1 ) 

D = hydrodynamic dispersion tensor (L2T- 1 ) 

n = porosity (L0
) 

ns = (1 - n) and is the volumetric fraction of solid phase (L0
) 

t = time 
b = saturated thickness of aquifer (L). 

With the assumption that the principal axes of the hydrodynamic dispersion 
tensor correspond to the Cartesian coordinate system, one may write: 

Dxx = d!v, and 

·DYY = dtv , 

where: 

(C.2-2a) 

(C.2-2b) 

Dxx' Dyy are the components of hydrodynamic dispersion in the x and y 
directions of the Cartesian coordinate system (L2T- 1 ) 

d! = longitudinal dispersivity (L) 
dt = transversal dispersivity ·(L) ~ 

v = apparent velocity q/n (LT- 1 ) 

q = flow in aquifer per unit width (L2T- 1 ) 

Assuming that the mechanism of adsorption may be adequately described by a 
linear equilibrium isotherm, one may write: 

(C.2-3) 

where Kd is the distribution coefficient (L3M- 1 ) of the solute, defined as the 
ratio oi the concentration of the solute in the adsorbent to that in the 
adsorbate. The distribution coefficient is a function of the soil-water pH; 
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however, in this instance, the value of Kd for the two species under investi
gation were taken to be constant, i.e., at a pH of 7, as there seems to be no 
evidence of a possible alteration of the pH from its neutral state during the 
post-mining stage. Based on Eq. C.2-3, the adsorption rate becomes: 

as ac 
at= Kd at (C.2-4) 

Substituting Eqs. C.2-2 and C.2-4 in Eq. C.2-1 and remembering that b and n 
are assumed constant, one obtains: 

ac a2c a2c ac 
Rd at - Dxx ax2 - DYY ay2 + vx ax+ ARdC = 0 ' (C.2-5) 

where Rd is the retardation factor defined as: 

R = 1 + ( 1 - n) p K (C.2-6) 
d n s d · 

The overall effect of the retardation factor is reflected in reduction of the 
magnitude of the convective, dispersive, and radioactive decay components 
governing the transport of a dissolved substance in porous media. 

C.2.2 Analytical Solution 

The method of solving Eq. C.2-1 as adopted here is an analytical one based on 
the integral-transform method. 

The initial and boundary conditions (see Fig. C.1) are given by: 

c = c 
0 

X= 0 Y1 ~ Y ~ Y2 (C.2-7a) 

c = 0 X= 0 all other y (C.2-7b) 

ac _.. 0 ay y-+±«» (C.2-7c) 

ac -+ 0 ax X-++OD (C.2-7d) 

c = 0 t = 0 (C.2-7e) 

then the concentration C (x, y, t) at a particular time t and location (x, y) 
is given by: 

C X 
C (x,y,t) = 0 e 

4~Dxn 

-1- (

(y2-y) 
erfc ---

2.JDyt 

(C. 2-8) 
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where: 

C-8 

X 

-oo 

Figure C.1. Two-Dimensional Infinite 
Groundwater Model Strip Source. 
(Yl = 500 m; y2 = 500 m) 

Ox = Dxx/Rd , DY = DYY/Rd , Vx = vx/Rd , and VY = vy/Rd 

C.2.3 Assumptions 

t #d&---tw._-""""-"'-.....-._ 

The long-term impact of migration of radionuclides from the Jackpile-Paguate 
mines on the groundwater quality of the town of Laguna, situated 10 km (6 mi) 
south of the site, was calculated based on the following assumptions: 

a) The aquifer material is homogeneous, i.e., sandstone with a hydraulic 
conductivity of 0.12 m/day (0.4 ft/day). 

b) The aquifer transmissivity T, written as: 

T = Kb , 

where: 

K = saturated hydraulic conductivity (LT- 1 ) 

b = saturated thickness of aquifer (L) 

(C.2-9) 

is assumed constant over the investigated area, implying that its saturated 
thickness is constant. 

c) The groundwater flow is assumed to be under steady-state and isothermal 
conditions. 

d) Groundwater movement is assumed to be unidirectional in the north-south 
direction. This is a conservative assumption for the prediction of 
movement of radionuclides from the mine site. 

CONFIDENTIAL POL-EPA01-0007809 

--~- ____ ;:: 

.I 



C-9 

e) The average magnitude of groundwater velocity per unit width of the 
aquifer is given by Darcy's law, written as: 

q = -Ti 

where: 
q = flow in aquifer per unit width (L2T- 1 ) 

i = hydraulic gradient (- a~/at) 
~ = potential head (L) 
t = distance along the flow path (L} . 

(C.2-10) 

f) The width of • strip source of the raionuclides released to the groundwater 
is assumed to b~ 1000 m (3300 ft). The groundwater flow is assumed to be 
confined within impervious boundaries with a width of 1500 m (4920 ft). 

C.2.4 Estimation of Parameters and Input Data 

The apparent velocity was calculated in a conservative manner with the assump
tion that the piezometric head at the Jackpile pit, which in some spots is 
presently as low as 1753 m (5750 ft), would reach a value of 1817 m (5960 ft) 
when the water in the pit would have reached the post-mining equilibrium 
level. With the piezometric head at the town of Laguna assumed to remain at 
its present level, about 1753 m (5750 ft), the hydraulic gradient was estimated 
as follows: 

i = (~2 - ~1) = (1753 - 1817) : -6 4 X 10-3 
{).! 10,000 . 

The apparent velocity per unit width and unit thickness of the aquifer is 
given by: 

v = q/n =-Kiln= 0· 12 ~-~54 x 10-
3 

= 5.12 x 10-3 m/day 

= 1. 87 m/year . 

In the absence of any field or laboratory data, the staff has assumed the 
value of 2 m and 0. 5 m to correspond to the 1 ongi tudi na 1 and transversa 1 
dispersivities for the sandstone, respectively. These values are deemed 
fairly conservative. Under these assumptions, D and D in Eq. C.2-4 will 
correspond to: xx YY 

D = d v = 2 x 1.87 = 3~74 m2/yr 
XX ! 

Dyy = dtv = 0.5 x 1.87 = 0.93 m2Jyr . 

With distribution coefficients, K , of 100 and 1000 cm3/g for Ra-226 and 
Th-230, respectively, the retardatqon factors (see Eq. C.2-6) for these two 
species are 567 and 5668, respectively. It can be inferred that the true 
velocity for each of these species will be reduced by the corresponding retarda~ 
tion factor. A considerable slowdown of the migration rate may be anticipated. 
Ra-226 was chosen for analysis because of its relatively low adsorption and 
lowest allowable activity in drinking water among all radioisotopes (ICRP 
1959). The distribution coefficient for Th-230 was not determined from a 
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laboratory measurement, but studies at other mines showed that it is usually 
very high, with a value of 50,000 cm3 /g at pH= 7 (Rancon 1973; Sears et al. 
1975). The lower value chosen in the analysis (1000 cm3 /g) gives more con
servative results. Th-230 was selected because of its relatively high di~tri
bution coefficient and low dissolution rate so that a wide range of radio
nuclides could be covered in the problem. The radioactive decay constants for 
these two species are 4.32 x 10-4 yr- 1 and 8.46 x 10-6 yr- 1 • The width of the 
Jackpile sandstone, which was considered to be the source of the radionuclides 
released to the groundwater, was estimated to be about 1000 m (3300 ft). 
Therefore, y1 and y2 in Figure C.1 were taken as 500 m each. A list of input 
data for groundwater migration analysis is given in Table C.2. 

Table C.2. Input Data for Analysis of Radionuclide Migration 
in the Groundwater at Jackpile-Paguate Mines 

Parameter 

Distance between Jackpile Pit and Laguna 
Hydraulic conductivity of sandstone 
Unidirectional (north-south) groundwater velocity 
Piezometric head at the Jackpile Pit 
Piezometric head at Laguna 
Porosity 
Longitudinal dispersivity 
Transversal dispersivity 
Distribution coefficient 

Ra-226 
Th-230 

pH 
Radioactive decay constant 

Ra-226 
Th-230 

Width of Jackpile Pit 
Soil bulk density 

C.2.5 Results 

Value 

10 km 

0.12 m/day 
1.87 m/yr 

1817 m 
17'52 m 
0.15 
2m 
0.5 m 

100 cm3/g 
1000 cm3/g 

7 

4.32 x 10-4 yr- 1 

8.46 x 10-6 yr- 1 

1000 m 
1 g/cm3 

Two cases of the migration of the two species of interest (Ra-226 and Th-230) 
released from the site of the Jackpile pit were investigated. In the first 
case, both species were assumed to behave like conservative ions (i.e., R0 = 1). 
In the second case, the species were assumed to follow their normal beha9ior 
pattern and interact with the soil matrix. Isopleths for a range of normalized 
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concentrations (10- 5 < C/C < 0.5) for Ra-226 for a time span of 5000 and 
10,000 years under the assBmption that Rn equals one are shown in Figures C.2 
and C.3, respectively. In this case, t~ computed concentrations at Laguna 
were about 10-5 and 10- 1 times the source concentration for the next 5000 and 
10,000 years, respectively. The isopleths for the same range of C/C

0 
of 

Ra-226 for a time span of 1,000,000 years and with the retardation factor 
taken into account are shown in Figure C.4. In this instance, the tip of the 
plume corresponding to C/C of 10- 5 seems to have migrated only 2000 meters 
from the Jackpile pit. 0 

The isopleths for the same range of C/C for Th-230 at 5000 and 10,000 years 
(with Rd = 1) are shown in Figures C.5 Rnd C.6, respectively. The migration 
rate is much greater than that in the case of Ra-226; this due to the longer 
half-life of Th-230 (i.e., half-life of 80,000 years for Th-230 vs. 1600 years 
for Ra-226). However, when adsorption is factored into the calculations, the 
tip of the plume corresponding to C/C = 10-5 apparently has migrated only 
200 meters from the source after 1,ooo?ooo years (Fig. C.7). This is indicative 
of the relatively high distribution coefficient of this radionuclide. 

Based on these calculations, it is concluded that the potential impact of 
radionuclides released from the site of the Jackpile pit does not seem likely 
to threaten the quality of groundwater at the town of Laguna. 

C.3 CROSS-SECTION FLOW ANALYSIS FOR THE BLOCKED ARROYO 

The influence of rainfall and of ponded water on the groundwater table at the 
site of the block arroyo was obtained through the solution of Boussinesq•s 
equation, written as: 

£_ (KY aY> + q (t) = sy (x, t) aaYt , ax ax (C. 3-1) 

where: 

Y = elevation of the phreatic surface measured from the quasi
impermeable base (L) 

Sy (x, t) = specified yield (L0
), where Sy = n- er 

n = porosity 
er = residual water content (L0

) 

K = the hydraulic conductivity (LT- 1 ), and 
q(t) = is the rainfall rate (LT- 1 ). 

Derivation of the governing groundwater flow equation (Eq. C.3-1) is under 
Dupuit assumptions (Murray and Monkmeyer 1973). To render Eq. C.3-1 amenable 
to the solution of the problem, the lower formation, composed of Dakota and 
Jackpile sandstone (Fig. 5.1 in Sec. 5), was conservatively assumed to be 
impervious to percolation of water from the upper soil formation because of 
its very low hydraulic conductivity (K = 1.216 x 10-3 m/day). The formation 
underlying the waste pile was assumed to be composed of alluvium with an 
average thickness of 3 m (10 ft) and with hydraulic conductivity conservatively 
assumed to be 30.0 m/day (98.5 ft/day). The hydraulic conductivity of the 
waste pile was assumed to be 57.9 m/day (190ft/day). 
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Figure C.2. Normalized Concentration 
of Ra-226 at 5000 Years. 
(Retardation factor = 1) 

Figure C.3. Normalized Concentration 
of Ra-226 at 10,000 Years. 
(Retardation factor = 1) 
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(Retardation factor * 1) 
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The following boundary conditions and input parameters were assumed: 

a) Evaporation greatly exceeds rainfall in the region [i.e., average effective 
rainfall (rainfall minus infiltration) of about 2.5 em/month (1 in/month) 
compared to average evaporation of about 15 em/month (6 in/ month)]. 
Three scenarios of intermittent effective rainfall corresponding to 
2.5 em/month (1 in/month) were assumed as shown in Figure C.B. 

b) There would be a constant head of 0.6 m (2 ft) of water 50 m (165 ft) in 
diameter during rainfall and drying subsequent to precipitation. 

The specific yield was obtained from: 

sy = n- er = 0.2- 0.18 = 0.02 . 

Resulting fluctuations in the groundwter table over a simulation time of one 
year corresponding to the three cases of rainfall pattern are shown in Fig
ures C.9, C.10, and C.11. Recharge mounds as shown in these figures would be 
expected to occur above the relatively impervious Dakota and Jackpile sand
stones due to percolation through the zone of aeration if the volume of seepage 
discharge was substantial. 

In all cases, results seem to indicate that the water would spread horizontally 
and would be in direct contact with the waste pile only a short distance from 
the pond. Of the three scenarios of rainfall pattern, Case 3 seems to be more 
realistic, although it still is on the conservative side. Even for this case, 
the highest groundwater level would still about 0.5 m (1.6 ft)- below the 
bottom of the waste pile (Fig. 5.5). Based on this analysis, the potential 
for contamination of groundwater by infiltration of ponded water or percolation 
of rainfall through wastes is minimal. 

C.4 GROUNDWATER-FLOW ANALYSIS FOR SOUTH PAGUATE AND JACKPILE PITS 

In this appendix, the flow equations used to estimate the equilibrium ground
water levels in the South Paguate and Jackpile pits, the selection of data 
values for various parameters required for computation, and the calculational 
procedures are presented. 

The flow sections selected for groundwater-flow analysis in the South Pauate 
and Jackpile pits are shown in Figure C.12. The section through South Paguate 
pit is from the southernmost edge of the pit (southeast of well P6) to the 
Rio Paguate upstream from well P4. The section through the Jackpile pit is 
from the western edge of Gavilan mesa, through well site Ml8, to the Rio Paguate. 
These sections represent the most likely paths for groundwater flow in each 
area. Schematic diagrams showing the cross section of the selected flow paths 
are shown in Figure C.13 for South Paguate pit and in Figure C.14 for Jackpile 
pit. Comparison of the two cross sections indicates that the hydrogeologic 
characteristics of these two areas are somewhat different. Discharge from pit 
backfill will be to the Rio Paguate at the South Paguate pit, and to the 
Jackpile sandstone - alluvium - Rio Paguate at the Jackpile pit. However, 
even with these differences, the flow equations used to predict the equilibrium 
groundwater levels in the two pits are basically the same. This is described 
below. 

CONFIDENTIAL POL-EPA01-0007815 



C-15 

+~ 
........ e 
u - l.t) +' - . 

CT N 

0 90 270 360 + 
time (days) 

Case 1 

t ~ r-

0 e - ........ 
~ e - u 
CT 

l.t) . 
N 

0 30 180 210 + 
time (days) 

. Case 2 

t 

-+' -CT 

. 
N 

0 10 + 
time (days) 

Case 3 

Figure C.8. Three Cases of Intermittent Effective Rainfall . 

. ... . 

CONFIDENTIAL POL-EPA01-0007816 



C-16 

6.0 
TIME DAYS 

= ~00 
= 90.00 

= lO!UIO 

= 120.00 ......... s 4-.0 -

-

2.0 

~o+-~--~--~~--~~~~~~~==~~==~~~-. 
0.0 150.0 300.0 450.0 600.0 750.0 900.0 1050.( 

X (m) 

Figure C.9(a). Groundwater-Table Fluctuations under Rainfall 
Case #1--Days 75-120. 
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Figure C.9(b). Case #1--Days·135-180. 

CONFIDENTIAL POL-EPA01-0007817 



C-17 

TIME DAYS 

=1~ 

= 210.00 

=~00 

= 2to.OO 

o.o-r--...-...,...--r---...,- .......... -~~-·--,----.--~~~~~~-....-----. 

-

on t50n ~o 450.0 600.0 750D 900.0 

X (m) 
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Figure C.10(a). Groundwater-Table Fluctuations under 
Rainfall Case #2--Days 75-120. 
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Figure C.11(a). Groundwater-Table Fluctuations under 
Rainfall Case #3--Days 75-120. 
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C.4.1 Groundwater Flow Equations 

The groundwater levels in the South Paguate and Jackpile pit fills were estimated 
by using the Dupuit theory for unconfined flow. (In this type of flow, one 
boundary of the flow domain is a free surface.) The Dupuit theory is based on 
two basic assumptions--(!) the stream lines can be taken as horizontal for 
small inclinations of the line of seepage, and (2) the hydraulic gradient is 
equal to the slope of the free surface and is invariant with depth (Polubarinova
Kochina 1962). These assumptions were assumed valid for the present study. 

Based on the Dupuit theory, two-dimensional equations describing the ground
water flow on both a horizontal and an inclined lower impervious boundary have 
been deve 1 oped (Po 1 ubari nova- Kochi na 1962; Harr 1962). The use of these 
equations for each pit is described below. 

The schematic diagram shown in Figure C.13 indicates that the approximate 
position of the Jackpile sandstone surface in the South Paguate pit area 
slopes gently about half a degree from the pit to the Rio Paguate. The Jackpile 
sandstone is also relatively impermeable compared to the overlying backfill 
materials. Any discharge into the backfill would tend to flow to the Rio 
Paguate with very little leakage into the underlying sandstone. Because of 
these hydrogeologic characteristics, the Dupuit equation for the case with an 
inclined 1 ower impervious boundary was used to determine the groundwater 
levels in the South Paguate pit area. The general format of this equation can 
be written (based on Polubarintova-Kochina 1962; Harr 1962) as: 

h- x tan a+ 9 = B exp Kbhq tan a 
Kb tan a 

(C.4-1) 

where x is the horizontal coordinate; h is the elevation of the free surface 
measured from the horizontal axis; a is the angle of inclination of the 
impervious boundary; q is the discharge per unit width through any vertical 
section in the backfill; Kh is the hydraulic conductivity of the backfill; and 
B is an integration const~nt that depends on the boundary conditions at the 
hydraulic control locations. 

The mining operations in the South Paguate pit area have greatly altered the 
level of the groundwater surface from pre-mining conditions. There is no 
information available to determine what the appropriate boundary conditions 
will be after the groundwater system in the area reaches equilibrium. For the 
present study,. the hydraulic control location for Eq. C.4-1 was set at the 
maximum possible water level (h ) in the Rio Paguate, which was assumed to be 
a gaining stream along its length from the town of Paguate to its confluence 
with the Rio Moquino. This assumption would give conservative results since 
any decrease in groundwater level at Rio Paguate would lower the equilibrium 
groundwater level in the upstream area. 

As it was mentioned previously, the positions of the Jackpile sandstone surface, 
as shown in Figure C.l3, are only approximate--the exact elevation of the 
bedrock surface is not known. Therefore, the equilibrium groundwater level at 
the South Paguate pit was also calculated by using the Dupuit's formula for 
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two-dimensional flow on a horizontal impervious boundary, i.e., a= 0°. In 
this case, the flow equation can be written (Polubarinova-Kochina 1962; Harr 
1962) as: 

q = K b 2l (C.4-2) 

where h
0 

represents the water elevation at the hydraulic control point and l 
is the norizontal distance between h and h . The results obtained from both 
Eqs. C.4-1 and C.4-2 are used to evaluate0 the effects of sloping bedrock 
surface on the equilibrium groundwater level. 

The schematic diagram shown in Figure C.14 indicates that the existing back
fil.l in the Jackpile pit overlies the Jackpile sandstone, which in turn is 
underlain by a mudstone unit of the Brushy Basin Member. The mudstone is 
composed of fine silt-sized fragments and was assumed to be the lower hydro
logic boundary in the local groundwater system. Discharge from Jackpile pit 
backfill would be through the Jackpile sandstone. Most of the water would 
then enter the alluvium and the Rio Paguate southwest of the pit, with some 
flowing through the mudstone unit of the Brushy Basin member. The level of 
the Rio Paguate (h

0
) would therefore be the ultimate hydraulic control for 

water levels in the Jackpile pit area. 

The groundwater levels in the Jackpile pit area were estimated by using 
Eq. C.4-2 instead of a sophisticated numerical model because. of the lack of 
field data for such parameters as exact positions of the saturated zones, the 
hydraulic gradients, and the bedrock hydraulic conductivity. A computer 
program was written to solve the equation. The solutions were obtained by 
trial and error, mainly because discharge from bedrock upstream of the Jackpile 
pit was not known precisely and had to be estimated. For an assumed discharge, 
the groundwater level at the upstream recharge area can be back-calculated 
from the stream control level in Rio Paguate. The calculated groundwater 
level would have to have a hydraulic gradient that would yield a discharge 
about the same as the initially assumed value. 

C.4.2 Evaluation of Parameters 

C.4.2.1 South Paguate Pit 

The groundwater surfaces in the South Paguate pit were determined principally 
by the recharge to the pit and discharge to the Rio Paguate. The recharge to 
the pit includes the discharge from the Jackpile sandstone and local infiltra
tion from direct precipitation and runoff. The amount of infiltration is 
determined by several parameters, including precipitation, surface runoff, and 
evapotranspiration. Values for most of these parameters can be reasonably 
estimated. However, little data are available regarding evapotranspiration. 
The average evapotranspiration for the entire Rio Paguate drainage basin would 
be about 98% of precipitation, but this value could be quite different locally, 
particularly where direct precipitation and runoff from steep pit walls may 
quickly infiltrate permeable backfill. 

Because of the uncertainties concerning infiltration, the calculations of 
equilibrium groundwater levels were conducted for the following three infil
tration values: • ~1) no infiltration, (2) 5% of local precipitation infiltrates~ 
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and (3) 10% of local precipitation infiltrates. These assumed infiltration 
values are considered to be conservatively high because of the extremely high 
evapotranspiration in the region. The infiltration study performed by Oztunali 
et al. (1981), incorprating the water-balance method introduced by Thornthwaite 
and Mather (1964), indicated that the infiltration rate in the southwestern 
part of the United States is practically zero. 

The average annual precipitation of 24.1 em (9.5 in) was used in these calcula
tions. The drainage area into the South Paguate pit is about 1.6 x 106 m2 

(400 acres). Based on the annual average rainfall data and the worst-case 
assumption that there would be no evapotranspiration, the volume of water 
collected in the pit would be about 3.9 x 105 m3 (320 ac-ft) per year. 

Discharge per unit width from the Jackpile sandstone into the South Paguate 
pit (qj) was calculated by use of the Darcy•s equation: 

q . = K . I. B • , (C. 4-3) 
J J J J 

where It is the equilibrium hydraulic gradient, K. is the hydraulic conductivity, 
and Bj ~s the saturated thickness, all for Jackp~e sandstone. The discharge 
would be from the west and south of the pit, along a length of about 2440 m 
(8000 ft). The hydraulic gradient (I.) in the Jackpile sandstone was taken 
from the value measured at wells Ml a~d M5 (Fig. C.12), which was about 0.02 
(Zehner 1982). It was assumed that this gradient would be unchanged when the 
groundwater eventually recovers to its equilibrium level. Hydraulic conductivity 
(Kj) of the Jackpile sandstone is about 0.09 m/day (0.3 ft/day) (Zehner 1982). 
Sa~urated thickness of the Jackpile sandstone ranges from 29 to 43 m (95 to 
140 ft) at wells M5, Ml, and 6, so 37 m (120 ft) was used as an average. 
Based upon these data and Eq. C.4-3, the bedrock discharge into the pit would 
be about 163 m3/day (5760 ft3 /day). Since the bottom of the bedrock is about 
at the bottom of the pit, the bedrock discharge and the rainfall infiltration 
at Rio Paguate were assumed constant and were used for the entire flow field. 
This assumption would give conservative results since the groundwater discharge 
would actually increase from 163m3 /day (5760 ft3 /day) at the southern end of 
the pit to the maximum combined total flow at the stream with the addition of 
infiltrated precipitation. 

The backfi 11 materia 1 in the pit is considerably more permeab 1 e than the 
underlying bedrock. The K-value of backfill has been estimated as about 
58 m/day (190 ft/day) (Hydro-Search 1981). Flow through the 488-m (1600-ft) 
length of backfill along the stream was assumed to be th~ough the entire 12-m 
(40-ft) thickness of backfill beneath the streambed (Fig. C.14). The downstream 
control flow depth (h ) was assumed to be either 0, 0.6, or 1.5 m (0, 2, or 
5 ft), depending upon°the water level in the Rio Paguate. The flow area in 
the backfill, as shown in Figure C.13, was divided into three different regions 
for different angles of inclination, and Eq. C.4-1 was applied to each region 
to calculate the ultimate recovery levels of groundwater. 

The angles of inclination for the bedrock surface were measured as about 0.5, 
6.4, and 42.0 degrees for regions I, II, and III, respectively. The horizontal 
distances for the three regions were measured as about 910, 550 and 210 m 
(3000, 1800, and 700 ft). The case of a horizontal impervious boundary also 
was considered. 
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C.4.2.2 Jackpile Pit 

Eq. C.4-3 was used to calculate discharge from the Jackpile sandstone into the 
Jackpile pit. Groundwater data from pumping tests of selected test wells 
indicated that recharge flow into the Jackpile mine area would probably be 
from overlying strata to the north, along an estimated length of about 1220 m 
(4000 ft). The hydraulic conductivity (K.) of the Jackpile sandstone in the 
area is not well defined. It has been in~icated that the sandstone is about 
four times less transmissive in the area east of Rio Moquino than in the 
Paguate area west of Rio Moquino (Hydro-Search 1981). For conservatism, the 
hydraulic conductivity of 0.09 m/day (0.3 ft/day) that was used in the calcula
tions for the South Paguate pit area also was used for the Jackpile pit area. 
The saturated thickness of the Jackpile sandstone ranges from 35 to 40 m (115 
to 130 ft) at wells M14, M15, and M19, thus 37m (120 ft) was used as an 
average. The equilibrium hydraulic gradient (I.) in th Jackpile sandstone was 
not known and had to be estimated. The assumedJvalue, as explained previously, 
would have to be tested against the calculated groundwater level. Discharge 
from local infiltration was considered at the Jackpile pit area in a way 
similar to what was done for the South Paguate pit. The drainage area for 
Jackpile pit is about 1.9 x 106 m2 (475 ac). 

Other parameters used in the calculation included the hydraulic conductivity 
values for backfill and alluvium--58 m/day (190 ft/day) and 7 m/day (22 ft/day), 
respectively. All groundwater from the Jackpile pit was assumed to flow along 
the path indicated in Figure C.12 through a stream length of about 760 m 
(2500 ft) along the Rio Paguate. The calculations were made for three down
stream control depths (h )--0, 0.6, and 1.5 m (0, 2, and 5 ft)--to include the 
maximum possible water lgvel in the Rio Paguate. As indicated in Figure C.14, 
groundwater discharge in the Jackpile pit area would flow across at least four 
boundaries. The water level at each boundary was calculated using the down
stream water control level and the appropriate parameter values within each 
transport medium. 

The equilibrium groundwater levels in the South Paguate and Jackpile pits were 
estimated by application of Eqs. C.4-1 and C.4-2 to the parameters discussed 
in the previous sections. The results are presented and discussed in Sec
tions 5.5 and 5.6 in the main text of this report. The calculated differences 
between the water level in backfill at the southern end of the South Paguate 
pit and the stream bed level (ah) are shown in Table 5.2; results for the 
Jackpile pit are shown in Table 5.4. 
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D.1 DETERMINATION OF RADON FLUX 

Radon flux (~), i.e., the rate of release of radon (Rn-222) from a unit area 
of soil surface per unit time (pCi Rn-222/m2 ·s), is primarily dependent upon 
the concentration of radium (Ra-226) in the soil below the surface area. 
Specific flux(~), i.e., radon flux per unit concentration of radium ([pCi 
Rn-222/ m2 ·s]/ [~Ci Ra-226/g]), is dependent, among other factors, upon the 
physical characteristics (such as compaction), type (such as sand vs clay), 
and moisture content of the soil. 

Specific flux (~s) is given by: 

~ = E • p • [Ra] • JAD/P s 

where E = emanating power 

p = soil density 

[Ra] = radium concentration 

A = decay coefficient of radon 

D = diffusion coefficient of radon through soil 

P = soil porosity. 

(D-1) 

For this analysis, q, was calculated based onE= 0.25, p= 1.6 (g/cm3 ), 
[Ra] = 1 pCi Ra-226/g; A= 2.1 x 10-6 s- 1 , D = 2 x 10-3 cm2/s, and P = 0.3. 
These values are the midrange of the values reported in the literature 
(Kraner et al. 1964, Momeni et al. 1979, Momeni and Kretz 1980, Roger et al. 
1980, USNRC 1980, and Wilkening et al. 1964). Based on these values, the 
specific flux (cjls) = 0.5 [pCi Rn-222/m2 ·s)/[pCi Ra-226/g). 

This specific flux was used to calculate flux and annual radon release rate. 
The annual release rate (Q) from each area of the mine (A) was calculated 
from: 

Q = f • A •s [Ra] Ci/yr (0.1-2) 

where r = 3.154 x 107 s/yr . 

Radon flux for various soils and conditions have been previously reported 
(Kraner et al. 1964, Momeni et al. 1979, Roger et al. 1980, Wilkening et al. 
1964). The range of specific flux representative of the western uranium 
mining region of the United States is 0.4 to 0.7 [pCi Rn-222/m2 ·s]/[pCi Ra-226/g] 
(USNRC 1980). The average specific flux for acid tailings at the Anaconda 
uranium mill is 0.65 and for carbonate tailings is 0.3 [pCi Rn-222/m2 ·s]/ 
[pCi Ra-226/g] (Momeni et al. 1979). The value of flux from an aluvium soil 
as continuously measured on a location at the St. Anthony mine near Paguate, 
New Mexico, is within a range of 0.5 to 1.14 pCi Rn-222/m2 ·s (Momeni and Kretz 
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1980). The average concentration of radium measured in a composite core 
sample was 1.7 pCi Ra-226/g, resulting in a range of specific flux from 0.3 to 
0. 7 [pCi Rn-222/m2 ·s]/[pCi Rn-226/g]. Thus, the specific-flux value of 
0.5 [pCi Rn-222/ m2 ·s]/[pCi Rn/g] selected for these calculations is with;n 
the range of those values previously reported. 

The radon flux from the mine wastes that escapes through the surface of soil 
cover, ~c' is dependent on the same parameters given in Eq. 0.1-1. Radon flux 
~c(z) through a soil cover of depth (z) is given by: 

~c (z) = ~ (z = 0) f(z) (D.l-3) 

where f(z) is the soil attenuation function. The values for f(z) have been 
previously measured (Momeni et al. 1979). The attenuation factor for soils 
typical of those around Grants, New Mexico, is given as a function of depth ;n 
Table 0.1. 

Table 0.1. Radon Attenuation 
f(z) as a Function of Soil 

Depth (z) 

Depth 
(em) f(z) 

0 1.0 
10 0.84 

20 0.79 
30 0.59 

50 0.41 

75 0.26 

100 0.17 

150 0.07 

180 0.04 

200 0.03 
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Table 0.2. Selected Input Parameters for Pathway Analysis 
(See Table 0.3 for definitions of terms) 

BSV(6): 
2.50E-03 2.50E-03 4.20E-03 3.10E-04 6.80E-02 1. SOE-01 

DFACT = S.OOE-01 

OM= 8.50E+02 

DV(2): 
7.50E-01 2.00E+OO 

FG = 1. OOE+OO 

FOOOIN(2,3): 
5.00E+01 5.00E+01 
6.00E+01 5.00E+01 
3.00E-01 1. 20E-01 

FV(2): 
2.00E-01 2.00E-01 

F1(10): 
1. OOE-02 1. OOE-02 1. OOE-04 3.00E-01 S.OOE-02 6.00E-02 

F2P(10 ,4): 
1. OOE+OO 1. OOE+OO 1. OOE+OO 5.40E-01 1. OOE+OO 1. OOE+OO 
1.10E-01 1.10E-01 7.00E-01 5.40E-01 2.80E-01 1. OOE-01 
1.10E-01 1.10E-01 S.OOE-02 2.00E-03 1. 40E-01 7.00E-02 
0.0 0.0 S.OOE-02 4.00E-04 S.OOE-02 1. 70E-01 

F2PM(16): 
2.90E-01 1.10E-01 4.00E-02 2.00E-02 
2.90E-01 1.10E-01 4.00E-02 2.00E-02 

IDTAIL(5): 
1 2 3 0 0 

IFOODS(60): 
1 0 1 0 0 1 1 0 0 1 
0 1 0 0 0 0 1 1 1 1 
1 1 1 1 1 1 0 0 0 0 

PACT( 4,5): 
2.06E+02 2.06E+02 2.06E+02 2.06E+02 
1. 95E+01 1. 95E+01 1. 95E+01 1. 95E+01 
4.37E+01 4.37E+01 4.37E+01 4.37E+01 

PDEN(5): 
2.40E+OO 2.40E+OO 2.40E+OO 2.40E+OO 2.40E+OO 

CONFIDENTIAL POL-EPA01-0007839 
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Table 0.2. Continued 

PHALF = 1.00E+04 

PTAIL(7 ,5): 
2.40E+OO 3.00E-02 1. OOE-01 1. OOE+02 1. OOE+OO 3.00E+OO l.OOE-01 
2.40E+OO 3.00E-02 1. OOE-01 1. OOE+02 1. OOE+OO 3.00E+OO 1. OOE-01 
2.40E+OO 3.00E-02 1. OOE-01 1. OOE+02 1. OOE+OO 3.00E+OO 1. OOE-01 

PTSZ(5): 
2.00E-01 2.00E+OO 1. OOE+Ol 5.00E+01 l.OOE+02 

PTSZFC(5,5): 
1. 50E-Ol 3.00E-Ol 3.00E-Ol 2.00E-Ol 5.00E-02 
1. 50E-Ol 3.00E-Ol 3.00E-Ol 2.00E-Ol 5.00E-02 
1. 50E-01 3.00E-Ol 3.00E-Ol 2.00E-Ol 5.00E-02 

PTSZ20(5): 
4.00E-Ol 4.00E-Ol 4.00E-Ol 4.00E-Ol 4.00E-Ol 

RFI = 5.83E-Ol 

RFIE = 5. 83E-Ol 

RH0(2): 
2.40E+02 2.40E+02 

RSALF = 1.37E-Ol 

RSLIM = l.OOE-02 

SHIED= 5.00E-Ol 

SLIM = 1. OOE-02 

SUFF = 1. OOE-09 

SUFI = 1. OOE-05 

TC{2): 
3.00E+Ol G.OOE+Ol 

TH{2): 
1.40E+Ol 1.40E+Ol 

VDEP(S): 
2.30E-06 1. 30E-04 3.10E-03 7.60E-02 3.00E-Ol 

YEVD = 1. OOE+02 

CONFIDENTIAL POL-EPA01-0007840 
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Table D.2. Continued 

Particle Parameters and Fractional Distributions: 

CONFIDENTIAL 

Diameter, 
microns 

0.2 
2.0 

10.0 
50.0 

100.0 

Deposition 
Vel., m/sec 

2.88E-06 
2.88E-04 
7.20E-03 
l.SOE-01 
7.20E-01 

Settling 
Vel., m/sec 

2.88E-06 
2.88E-04 
7.20E-03 
l.SOE-01 
7.20E-01 

Fraction of 
the Sizes 

0.150 
0.300 
0.300 
0.200 
0.050 
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Table 0.3. Definitions of Terms 

This is the 2nd data deck card if ISTEP•i, 1, or t. 

This is the 2nd data deck card if ISTEP•l 

Concentration factor for plant uptake of nuclide i fro• 
soil, pCi/kg (plantl/pCl/kg (soill. Default values• 
i•l 0238 2.5£-3, i•2 U234 2.5£-3, i•3 Th~li 4.2£-3 
i•4 Ra226 J.lE-4, i•S Pb21B 6.8£-2, i•6 Po21B l.SB-1 

Decontamination factor for human consumed vegetation. 
Default value • 1.5. 

Annual average mixing depth, m. Default • 85lo 

Pastures and vegetation yields, kg/m2. Defaulter 
i•l pastures 1.75, i•~ vegetation 2.1. 

Effective energy aDsorbed per disintegration (MEV*REM/DIS*KAD), 
where i and j denote the radionuclide and organ, respectively. 
Default values are based on ICRP reportso 

j Organ or body part 

----------------------------1 Nasophatyngeal 
2 Tracheobronchial 
3 Pulmonary 
4 Whole body 
5 Bone 
6 Kidney 
7 Liver 
8 Stomach 
g Small intestine 

11 Upper large intestine 
11 Lower Large intestine 
l2 Lymph nodes 

----------------------------~ Default valuesz 
j\i 0238 0234 'l'h238 Ra226 Pb2lll PoUI 

---------------------------------------------------1 4.3£+1 4.91!:+1 4.8E+1 1.1E+2 6.1£-1 5.5£+1 
2 4.3£+1 4.9E+l 4.8£+1 l.lE+2 4.8E-1 5.5£+1 
3 4.3£+1 4.9E+l 4.8E+l 1.1£+2 8.3E+B 5.5B+l 
4 4.3E+l 4.9£+1 4.8E+l 1.1£+2 5.2£+11 5.5B+l 
5 2.2£+2 ·2.4£+2 2.4£+2 1.1£+2 2.9£+1 2.8£+2 
6 4.3£+1 4.9£+1 4.8E+l 1.1£+2 l.IIE+l 5.5£+1 
7 4.3£+1 4.9E+l 4.8E+l 1.1E+2 \..11£+1 5.5£+1 
8 4.3£-1 4.8£-1 4.7£-1 4.8£-1 2.7£-2 5.3£-1 
9 4.3£-1 4.9£-1 4.7£-1 4.8£-1 4.5£-2 5.3£-1 

111 4.3£-l 4.8£-1 4.7£-1 4.8£-1 1.9£-2 5.3£-1 
ll: ... 4.3£-1 4.BE-l 4.7E-l 4.8£-1 1.9£-2 5.3£-1 
12 4.3E+l 4.9E+l 4.8£+1 1.1£+2 2.5£+1 5.5£+1 

----------------------------------------------------
Stable element transfer data, day/kg, where i and j denote 
the radionuclide and the food item respectively. 
j values: 1•beef, 2•milk, l•poultry, 4•eggs, 5•vegetatlon 
Default values: 
j\1 0238 U234 'l'h23B Ra226 Pb2lll Po211 
--------------------------------------------------0 1 3.4B-4 3.4£-4 2.11B-4 4.11E-3 2.9£-4 1.2£-2 

2 6.1E-4 6.1E-4 S.BE-6 4.SB-4 2.6£-4 1.4B-t 
3 4.8E-3 4.11£-3 4.0£-3 5.BE-4 2.1E-3 4.118-3 
4 2.11£-3 2.8E-3 2.0£-3 2.0E-S 2.0B-3 1.88-2 
5 2.11E+IJ 2.11£+8 l.IE+l 5.11£+1 1.0£+2 S.BB+2 

---------------------------------------------------
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Table 0.3. Continued. 

BrmboZia Name Desaription 

0 Pl (111 
(i) 

*P2P (18,41 
(i,j) 

*F2PK (16) 

•ro 
•FOODIH (2,31 

(i,jJ 

r~o (16,6,61 
(i,j ,kJ 

•rv r21 
lil 

GRODPN(S,91 
(i,jJ 

IADD 

-lDSQ (3,6) 
(i,j) 

IM'AIL (51 
(i) 

Fraction of cadionuc1ide i passing from GI tract to the 
blood. Default values ace based on ICRP2. Defaults: 
1•1 U238 1.8£-2, i•2 U234 1.8£-2, i•l Th~38 1.8£-4, 
1•4 aa226 3.8£-1, i•S Po~la 8.8£-2, i•6 Po218 6.1£-2 

Fraction of radionuclide i passing from blood to body 
organ j. j values: !•whole body, 2•bone, l•kidney, 
4•liver. Defaults: 
j\i U238 U~l4 Th~ll Ra226 Pb218 Po218 

1 
2 
l .. 

1.8£+8 
l.lE-1 
1.1£-1 • •• 

1.9£+8 
l.lE-1 
l.lE-1 
8.8 

1.BE+B 
7.8£-1 
5.0£-2 
S.IE-2 

5.4£-1 
5.4E-l 
2.0£-3 
4.8£-4 

1.8£+8 
2.8£-1 
1.4£-1 
8.8£-2 

Multiple subpath values 
2.9£-1 l.lE-1 4.8£-2 
2.9£-1 l.lE-1 4.0£-2 

of F2P, 
2.0£-2 
2.8£-2 
8.8 

see HSP'l'AB. 

8.8 8.8 8.8 
8.8 8.8 8.8 e.e 

Grazing factor, default•e.s. 

1.8£+111 
1.1£-1 
7.8£-2 
1.7£-1 

Defaults: 

Animal food ingestion rate, kg/day, where i and j denote 
the food category and animal type respectively. Defaults: 
i\j beef cattle milk cows poultry 

water 
pasture 

58 
58 

68 
58 

8.3 
8.12 

Annual relative frequency of occurence foe wind direction 1, 
wind speed class j, and stablity class k. Foe each 
stability class and wind speed the frequencies are entered 
in a clockwise direction beginning with the north sector. 
HO defaults, values must be input. 

Fraction of deposition retained on plants. Default 
values: i•l pasture 8.2, i•2 vegetation 8.2. 

Any desired combination of 28 letters and numbers which 
will serve as an identifier on the printed output for the 
jth source type, i.e., mine, dryer, etc. (Card entry 
consists of groups of 4 characters, each enclosed in 
single quotation marks followed by a comma.) 

Number of extra receptors, allowaole range 8-68, default•S. 

Identifies area sources to be broken up into equal size 
squares: i•l, SOURCE(lB,kJ or four digit identifier 
for kth source; i•2, number of squares in E~ direction, 
i•l, number of squares in NS direction; all for jth 
source selected to be broken up. No defaults. 

Identification of up to 5 types of area source where the 
DDAD wind errosion equation will be used for particulate 
aource estimation. Each ith value must be identical 
to the source type index of SO"CE, i.e., the 2nd integer 
of SORCE(l&,jl for the jth source. Area sources so 
•elected may specify zero emission rate for all pollutants 
eacept kn222. No defaults. 
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*IFODOS (68) 
cu 

IPOP (15 ,16) 
u.:u 

*IPSOL (18) 
(i) 

*IYR (11) 

*JC (9) 
(l) 

IRHO 

*LON (18,4) 
REAL (l,:j) 

*LONH (16) 
Ileal 

*LR (18) 
Real (1) 

MB.'l'SB'l' (4) 
Real•& 

D-11 

Table 0.3. Cont;nued. 

Food pathway index for the ith extra receptor. &•no~, 
l•meat, ~·milk, J•poultry ' eggs, S•vegetation. Default~e4. 

Population of sector-segment centered at ith radial. 
distance and jth direction. 

Solubility class (l•Y, 2•W, l•D) for ith radionuclld~. 
Defaults: i•l U238 1, i•2 U234 1, i•l Th2JIJ, 1,, 

i•4 Ra226 2, i•4 Pb211J 2, i•6 Po2ll: 2. 

Specifies the six XRHO indices to be used for dosimetry! 
tables. Default: 1, 3, 7, 8, 12, 15 corresponding· to~ 
8.1, 1, s, 10, se, ae km. 

Selects end year for intervals in time-integrated dos~ 
and dose rate calculations. Default: 1, 3, 5, 7; 18~, 
15, 28, 38, 58, 78 years. 

Program control flags: 8 turns action off, 1 tucns.it:o~. 
Defaults • e. 
i•l, writes disk file for concentration plots. 
i•2, writes disk file for isopleth plots. 
i•l, prints EFFECTIVE DISPERSION FACTOR tables. 
i•4, prints CONCENTRATION/MPC tables. 
i•S, prints dose commitment tables. 
i•6, prints time-integrated dose & dose rate tables. 
i•7, currently not in use. 
i•8, prints INDIVIDUAL SOURCE CONCENTRATION tables. 
i•9, currently not in use. 

Specifies number of radial distances to be used foe 
regulae receptor grid. Range 8-15, default • 15. 
If set to zero, only extra receptors will be used, 
which is frequently a convenient option. 

Effective half-life in days for radionuclide i and 
organ j. j values: l•whole body, 2• bone, l•kidney, 
4•liver. Default values based IkCP reports. Defaultsg 
j\i U238 0234 Th238 Ra226 Pb218 Po218 

---------------------------------------------------1 
2 
3 
4 

1.8£+2 
3.8£+2 
1.5E+l 
8.8 

1.0E+2 
3.0E+2 
1. SE+l 
8.0 

5.7E+4 
7.3E+4 
2.2£+4 
5.7£+4 

4.0E-l 
4.8£-1 
1.81Hl 
l.8E+l 

1.2E+l 
2.4E+3 
4.9E+2 
l.5E+3 

2.5B+1 
2.8E+l 
4.6E+l 
3.2£+1 

---------------------------------------------------
Multiple 
4.95£+8 
4.95£+8 
8.8 
8.8 

subpath 
S.78B+l 
5.78£+1 
8.8 
e.e 

values of 
6.93E+2 
6.93E+2 
8.8 
8.8 

LON, see 
5.33£+3 
5.33£+3 
8.8 
8.8 

MSPTAB. Defaults: 

Radiological half-lifes in days foe cadionuclides of 
interest. Defaults: 
1•1 U238 1.6Bl2, 1•2 0234 9.1E7, i•3 Th238 2.9£7. 
i•4 Ra226 5.9£5, 1•5 Pb218 7.1£3, 1•6 Po218 1.482 

Any desired combination of 32 letters and numbers which 
will serve as an identifier on the printed output for 
the source of the meteorological data set. (Card entcy · 
starts with a single quotation mark and ends with a 
single quotation mark followed by a comma.a 

POL-EPA01-0007844 



*IIPC (7,5) 
aeal (i,j) 

*IISP'l'AB (11 , 4 ) 
(i,j) 

*lltiUC 

tiSOBC£ 

OP'l'IME 

PACT (4, 5) 
(i,j) 

PDBH (5) 

*PFIII (8) 
(t) 

*PG'l'll (4) 
(t) 

PIIALF 
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Table 0.3. Continued. 

Maximum permissible concentration (or any desired limit) 
for normalization on tne isopletn concentraion map, pCi/m3, 
for radionuclide i and organ j, Default values based on 
ICkP2 values. j values: l•wnole body, 2•bone, 3•lung, 
4•kidney, S•liver. Defaults: 
i\j l 2 3 4 s 
----------------------------------------------U238 6.1JE+2 2.8£+2 S.BE+l 3. BE+l e.a 
U234 6.8E+2 2.1E+2 4.8£+1 4.0E+2 "·" Th231J S.llE+II 8,8E-l 3.8E+I 2.0£+11 7.1£+1 
aa226 2.0E+l l.BE-1 8.0 "·" a.a 
Pb2U 4.8£+2 7.1£+1 8.8E+l 4.1E+l 1.1£+2 
Po21B 2.BE+3 2.BE+3 7.8E+l 2.8E+2 6.1£+2 
Rn222 e.a e.e 3.11£+3 8.8 8.8 

Multiple subpath table for radionuclides i and organs j 
where multiple sets of F2P and LON values are required. 
A zero value indicates no subpath, units value (1-9) 
gives number of additional subpatns, and value/18 is 
entry index in F2P and LON arrays. j valuesa l•whole 
body, 2•bone, ]•kidney, 4•liver. Defaults: 
j\i 0238 0234 Th231 Ra226 Pb2ll Po218 

1 
2 
3 
4 

" e 
8 
IJ 

8 
IJ 
I 

" 

8 
8 

. 8 
8 

14 
54 

8 
IJ 

8 

" " " 
" " " I 

Total number of radionuclides of interest. ODAD allowable 
range is 1-6, default is 6. 

Total number of sources. Input value must be actual 
number described via SORCE parameter. If IDSQ feature 
is used, ODAD will adjust to a corrected NSORCE. The 
maximum number of sources, including IDSQ components, 
is sa. 
Plant operation lifetime, years. Default•lS. 

Activity in pCi/g of radionuclide i of particle size<28 um 
diameter of area source j. The j index corresponds to 
IDTAIL(j). i values: 1•0238, 2•Th231, l•Ra226, 4•PD218. 

Densities of five specified particle source indices, g/cml. 
Defaults: 8.9, 2.4, 2.4, 2.4, 2.4. 

Fraction of ith food produced within the region of interest 
that is consumed by the local population in tne region. 
i values: l•meat, 2•milk, J•poultry, 4•eggs, S•vegetation, 
6-8 not assigned. Defaults: all•l.8. 

Population growth rate • population at year Y(i)/population 
at the reference year Yo when sources start to release. 
1•1, Y(i) • Yo + l 
1•2, Y(i) • Yo + (OPTIKE + 1)/2 
i•3 1 Y(i) • Yo + OPTIKE + l 
i•4, Y(i) • Yo + OPTIME + YEVD/2 + 1 
Defaultsa all•l.l. 

Radionuclide removal half life from soil in years. 
De fault• 58. 
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Table 0.3. Continued. 

Symbotia Nams Dssaription 

PTAIL (7,5) 
(i,j) 

PTSZ (5) 

PTSZFC (5,5) 
(1, j) 

PTSZ2' (5) 
Cil 

*PWFOD (fjiJJ 
(i) 

R&GIOH (6) 

UI 

*UIB 

*RHO (2) 
(iJ 

*RSALP 

*RSLIM 

*SHIBD 

SLDI 

SLIP (5) 
(1) 

Propterty of soil or tailings for the jth type of area 
source where j index corresponds to IDTAIL(j). i values: 
i•l, dens1ty of suspenjed particulates, gm/cml. 
i•~. median diameter of the grain, em. 
i•l, a dimensionless coefficient for grains with median 

diameter above 100 um, A•B.l. 
i•4, height above surface where wind speed measured, em. 
1•5, surface roughness height, or height above surface 

where wind speed is zero, em. 
i•6, particle mass percentage of soil < 28 um in diameter~ 
i•7, water content in percent by weigbt. 
Defaults~ 
j\i 1 2 l 4 5 6 1 

1 
2 
] 

4 
5 

2.4 
IJ 
iJ 
II 
II 

1.113 IJ.l 
I II 
I II 
I IJ 
II I 

1111 .a 
II 
I 
II 

" 

l.IJ 
II 
II 
IJ 
II 

3.1 
II 

" II 
IJ 

1.1 
I 
a 
• II 

Activity particle sizes, diameter in microns. Defaults•l. 

Particle size activity fraction for ith size and jtb 
source. Tne i and j indices correspond to PTSZ(iJ and 
PDEN(j) respectively. Defaults•ll. 

Activity fraction of suspended particulates with 
particle size < 20 um for ith area source. The i indea 
corresponds to IDTAIL(i). Defaults: aU-e.4. 

Amount of kth food item produced at ajded receptor i/ 
total kth food item produced within the region of interest. 
Defaults: all•l.ll. 

Any desired combination of 24 letters and numbers which will 
serve as in identifier of the overall problem on the printed 
output. (Card input format is the same as for METSET.) 

Average occupancy factor for the population inside a 
structure for inhalation of Rn222 daugbters. Default•l.l. 

Average occupancy factor inside a structure for protection 
against external radiation. Default•&.583. 

Effective surface density of soil for growing pastures and 
and vegetation, kg/m2. Defaults: 
i•l pastures 2.4El, i•2 vegetation 2.4B2. 

Resuspension factor decay half life in years, default•8.137. 

Deposition velocity corresponding to the input resuspension 
factors SUFI and SUFF. Default•IJ.IJl a/sec. 

External radiation shielding factor for inside of a 
structure. Default•1.5. 

K1.J1illlulll aettl1Dg velocity to account for plume t:l.ltillg, m/aec. Defau1t • 11.111. 

Sl:l.p correctioD factor, for :l.th part:l.ele a:l.ze, defaults • l.t. 

. 
POL-EPA01-0007846 



CONFIDENTIAL 

IOURCI (12,81) 
(i,j) 

SORCID (5,91 
U,jl 

•surr 
•sot~ 

*TC (11 
Ul 

..,. 121 
Cil 

VDBP (5) 
Ut 

•111 (71 
cu 

*IIHG (11 
Ul 

111MB ( 4, 68) 
UAL•8 u.11 

ZU:CEP (l,fi8J 
u.:u 

ZRBQ (15) 

0-14 

Table 0.3. Concluded. 

Deeariptiora 

Specification parameters for the jth source. i value•• 
i•l, horizontal (EWJ coordinate of source, ka. 
i•2, vertical (NS) coordinate of source, ka. 
i•3, effective release height of source, m. 
i•4, release area of source, km2 (zero for a point aourceJ. 
i•5, annual average U23B emission rate, Ci/year. 
i•6, annual average Th238 emission rate, Ci/year. 
i•7, annual average ka226 emission rate, Ci/year. 
1•8, annual average Pb2l8 emission rate, Ci/year. 
1•9, annual average Rn222 emission ~ate, Ci/year. 

1•11, four digit integer for source j identification 
where the lat integer is the source group indea, 
the 2nd integer is the source type indea, the lrd 
• 4th integ~rs represent the nth number of aoucce 
falling into this source category. 

i•ll, particle density indea, corresponds to PDEN(k). 
1•11, eait velocity of source, m/sec. 

Any desired combination of 28 letters or numbers which will 
serve as an identifer on the printed output for the jth 
source group where j equals the 1st digit of SOkC£(18,kl 
for the kth source. (Card entry is tne same format as for 
GROUPN.) 

Final resuspension factor. Default•l.l£-9/m. 

Initial resuspansion factor. Default•l.8E-5/m. 

Plant exposure time, days. Defaults: 
1•1 pastures 38, i•2 vegetation 68. 

weathering removal half life, days. Defaultaa 
i•l pastures 14, i•2 vegetation 14. 

Deposition velocity, m/sec, for particle size PTSZ(i). 
Defaultsa all•8.8l. 

Maximum individual food consumption 
XING for defaults. 

Average individual food consumption 
XIN XING 

----------------------------------i•l, meat 
1•2, milk 
1•3, poultry 
1•4, eggs 
i•5, vegetation 

8.3 
1.85 
1.2 
1.88 
e. 11 

1.26 
8.33 
8.1 
8.18 
1.28 

rate, kg/day. See 

rate, kg/day. Defaults a 

Any desired combination of 32 lette~s and numbers wnich 
which will serve as an identifer on the printed output 
for extra receptor j. (Card input format is the same 
as for GkOUPN except use 8 character groupst. 

Coordinates and height of jth extra receptor. 
i•l, horizontal (EWI coordinate, km. 
1•2, vertical INS) coordinate, km. 
L•l. height in m. 

Flfteen radial distances to be used for regular receptor 
grid. Defaultsa 8.1, e.s, 1, 2, 3, 4, 5, 11, 21, 38, 
41, 58, 60, 7S, sa km. (Mote that actual numer of XRHO values 
used ia set by KkHO). 

Muab~r of y~ars to be used for int!rn•l dose coMmitment 
converaion fa~tors. Dafault•58. 

NumbJr of y!ars to b~ used roc en1ironmental dose 
co .. ltment caLcuLations. 03fault•l88. 

From Momeni, M.H., et al. 1979. "The Uranium Dispersion and 
Dosimetry (UOAO) Code." NUREG/CR-0553, ANL/ES-72. Argonne 
National Laboratory for U.S. Nuclear Regulatory Commission. 
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0.2.2 Concentrations of Radionuclides in Air and on Ground 

Table 
0.4 
0.5 

Title 
Total Concentration in Air 
Total Activity on Ground 

Page 
0-16 

0-17 
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Table 0.4. Total Concentration in Air (pCi/m3) 

IDENTIFICATION XlKHJ YlKHJ ZlHJ U238 TH230 RA226 PB210 P0210 RH222 Wl 
---------------------------------------------------------------------------------------------------------------------------

ALBUQUERQUE 60.0 0.0 0.0 7.23E-07 7.23E-07 7.23E-07 7.67E-06 1.03E-06 9.24E-02 9.09E-07 
BIBO -2.0 3.0 0.0 2.97E-04 2.97E-04 2.97E-04 3.45E-04 2.99E-04 3.15E+01 1.97E-04 
BLUEWATER -60.0 30.0 0.0 1.0SE-06 1.0SE-06 1.0SE-06 8.ME-06 1.39E-06 9.42£-02 9.29E-07 
BELEN 50.0 -40.0 o.o 5.66E-06 5.66E-06 5.66£-06 3.57E-05 6.98E-06 3.72E-01 3.66£-06 
CASA BLANCA -10.0 -10.0 0.0 1.04E-04 1.04E-04 1.04E-04 1.73E-04 1.07E-04 4.25E+OO 3.88E-05 
CUBERO -16.0 -10.0 0.0 4.67£-05 4.67£-05 4.67£-05 9.78E-05 4.90£-05 2.35£+00 2.18£-05 
GRAtiTS- HILLAN -40.0 0.0 0.0 1.36£-06 1.36E-06 1.36E-06 9.94E-06 1.7'tE-06 1.75£-01 1.70£-06 
JACKPILE-HOUSING 0.0 -0.2 0.0 2.66E-03 2.66E-03 2.66E-03 2.67E-03 2.66£-03 1.10£+02 3.62£-04 
LAG Uti A AHO ENCINAL -5.0 10.0 0.0 9.52E-05 9.52E-05 9.52E-05 2.44E-04 1.02£-04 1.37£+01 1.20£-04 
LOS LUNAS 60.0 -30.0 0.0 2.43E-06 2.43£-06 2.43£-06 1.73E-05 3.08E-06 1.87E-01 1.85E-06 
HE SIT A 3.0 -12.0 0.0 8.36E-04 8.36E-04 8.36£-04 1.05£-03 8.45£-04 1.74£+01 1.52E-04 
MOtU TOR AT DUMP F 2.7 0.0 20.0 2.25E-03 2.25£-03 2.25£-03 2.27E-03 2.25E-03 8.06E+01 3.11E-04 
MONITOR AT WELL 4 -0.7 2.3 1.0 5.79£-04 5.79£-04 5.79£-04 6.24£-04 5.81£-04 6.09£+01 3.18£-04 
MOIIITDR AT WEST SIDE -2.0 0.7 1.0 1.52£-03 1.52£-03 1.52£-03 1.53£-03 1.52£-03 1.04£+02 2.04E-04 
MONITOR AT MINE VENT -3.3 -2.2 20.0 9.47£-04 9.47E-04 9.47E-04 9.99E-04 9.SOE-04 2.90£+01 1. 70£-04 
MOQUINO -1.5 5.0 0.0 3.10E-04 3.10E-04 3.10£-04 4.41E-04 3. 16E-04 4.18E+01 3.09E-04 
PAGUATE 3.0 1.0 0.0 9.67£-04 9.67£-04 9.67E-04 9.88E-04 9.68E-04 4.49E+01 1.93E-04 
SEAHA -14.0 -10.0 0.0 6.17E-05 6 .17E-05 6.11£-05 ·1. 18£-04 6.42E-05 2.87E+OO 2.65£-05 0 
SAN FIDEL -25.0 0.0 0.0 3.19E-06 3. 19E-06 3. 19E-06 1.43E-05 3.67E-06 3.86E-01 3.64E-06 I -SAN MATEO -20.0 30.0 0.0 1.37E-05 1.37E-05 1.37£-05 1.01£-04 1.75E-05 1.91E+OO 1.86E-05 en 
SABOYETA 0.0 10.0 0.0 1.25E-04· 1.25E-04 l.~E-04 2.28E-04 1.30E-04 1.30E+01 1.07£-04 
RANGE NORTH 0.0 5.0 0.0 4.07E-04 4.07E-04 4.0 E-04 5.27E-04 4. 13E-04 5.08£+01 3.52E-04 
RANGE EAST -15.0 0.0 0.0 8.40£-06 8.40E-06 8.40£-06 2.28£-05 9.03E-06 9.30E-01 8.26£-06 
RAt~GE WEST -5.0 0.0 0.0 8.01£-05 8.01E-05 8.01E-05 l.OOE-04 8.09£-05 6.83£+00 4.67E-05 
RAllGE SOUTH 0.0 -10.0 0.0 5.53£-04 5.58£-04 5.58£-04 6.47E-04 5.62£-04 1.01E+01 8.41E-05 

CONFIDENTIAL POL-EPA01-0007849 



Table 0.5. Total Activity on Ground {pCi/m2 ) 
[Operational lifetime deposition (99 vears)l 

IDENTIFICATION I .L I,, 
I X(KMJ Y(KMJ 

II Z(HJ 1 : U238 TH230 RA226 PB210 P0210 
---~--------------------------~~t~-~-~------~-~-----~--------~----------------------------------------------------· 

ALBUQUERQUE· 60.00 0.0 0.0 5.07E+OO 5.07E+OO 5.07E+DO 2.12E+01 2.11E+01 
BIBO -2.00 3.00 0.0 1.01E+04 1.01E+04 1.01E+04 1.02E+04 1.02E+04 

. BLUEWATER I -60.00 30.00 0.0 7.83E+OO 7.83E+OO 7.83E+OO 2.59E+01 2.58E+01 
BELEN 50.00 -40.00 0.0 4.54E+01 4.54E+01 4.54E+01 1.15E+02 1.15E+02 

.CASA I' • BLANCA -10.00 -10.00 0.0 2.12E+03 2.12E+03 2.12E+03 2.28E+03 2.28E+03 
·lli"""'CU3ERO -16.00 -10.00 0.0 7.67E+02 7.67E+02 7 .67E+02 8.85E+02 8.85E+02 

(!< "\· '%'• GRANlS- MILLAN -40.00 0.0 0.0 1.04E+01 1.04E+01 1.04E+01 3.02E+01 3.02E+01 
J.;.:·b~ JAC~PILE-HOUSING o.o -0.20 0.0 1.76E+05 1.76E+05 1.76E+05 . 1.76E+05 1.76E+05 

.,4 :lAGUt:!. AND ENCINAL -5.00 10.00 0.0 1.57E+03 1.57E+03 1.57E+03 1.92E+03 1.92E+03 
r i.IB 1.:..1NAS · 60.00 -30.00 0.0 1.82E+01 1.82E+01 1.82E+01 5.26E+01 5.25E+01 

NESIT.\ ·.,,_ '~'- 3.00 -12.00 0.0 1.93E+04 1.93E+04 1.93E+04 1.93E+04 1.9BE+04 
JC Not-U"I uR : AT DUHP F 2.70 0.0 20.00 1.31E+05 1.31E+05 1.31E+05 1.31E+05 1.31E+05 

H::J:Jl fOR ·AT WELL 4 -0.70 2.30 1.00 2.31E+04 2.31E+04 2.31E+04 2.32E+04 2.32E+04 
tiO:UTOR AT WEST·SIDE -2.00 0.70 1.00 1.29E+05 1.29E+05 1.29E+05 1.29E+OS 1.29E+05 

,...(I ·liONITOR AT ~l~~ yoo -3.30 -2.20 20.00 4.34E+04 4.34E+04 4.34E+04 4.35E+04 4.35E+04 
: • . HOQUINO -' L.. j -1.50 5.00 0.0 7.83E+03 7.83E+03 7.83E+03 8. 13E+03 8.13E+03 

PAGUATE 3.00 1.00 0.0 4.47E+04 4.47E+04 4.47E+04 4.48E+04 4.48E+04 
.SEAMA -14.00 -10.00 0.0 1.09E+03 1.09E+03 1.09E+03 1.22E+03 1.22E+03 c 

.·. SAN' FIDEL -25.00 0.0 0.0 2.94E+01 2.94f+01 2.94E+01 5.50E+01 5.50E+01 I .... 
~SAN' MATEO -20.00 30.00 0.0 1.27E+02 1.27 +02 1.27E+02 3.30E+02 3.30E+02 ..... 

SABOYETA 0.0 10.00 0.0 2.13E+03 2.13E+03 2. 13E+03 2.37E+03 2.37E+03 
RANGE NORTH 0.0 5.00 o.o 1.02E+04 1.02E+04 1.02E+04 1.04E+04 1.04E+04 

" RANGE EAST -15.00 0.0 0.0 1.05E+02 1.05E+02 1.05E+02 1.38E+02 1.38E+02 
RANGE WEST -5.00 0.0 0.0 2.18E+03 2.18E+03 2.18E+03 2.23E+03 2.23E+Ol 
RAt~ 'SOUTH o.o -10.00 0.0 1.48E+04 1.48E+04 1.48E+04 1.50E+04 1.SOE+04 

.. 
-~~~/. 

.r ~ . '. 
~-· . '~ 

• .r ,~:~ ""'\ 
-~ . ; 
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D.3 DOSIMETRY 

D.3.1 Inhalation Dose Commitments 
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D.G Inhalation Dose Commitments to Nasopharyngeal D-19 

Region from Particulates 
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IDENTIFICATION 

ALBUQUERQUE 
BIBO 
BLUEWATER 
BELEN 
CASA BLANCA 
CUBERO 
GRAtHS- MILLAN 
JACKPILE-HOUSING 
LAGUNA AND ·ENCINAL 
LOS LUNAS 
MESITA 
MONITOR AT DUMP F 
MONITOR AT WELL 4 
MONITOR AT WEST SIDE 
MONITOR AT HINE VENT 
MOQUINO 
PAGUATE 
SEAUA 
SAN FIDEL 
SAN MATEO 
SABOYETA 
RANGE NORTH 
RANGE EAST 
RANGE WEST 
RANGE SOUTH 

CONFIDENTIAL 

Table 0.6. Inhalation Dose Commitments (mrem/yr) 
to Nasopharyngeal Region from Particulates 

Xl KM J Yl KM J Zl H J U238 U234 TH230 RA226 PB210 P0210 TOTAl 

60.00 
-2.00 

-60.00 
50.00 

-10.00 
-16.00 
-40.00 

0.0 
-5.00 
60.00 
3.00 
2.70 

-0.70 
-2.00 
-3.30 
-1.50 
3.00 

-14.00 
-25.00 
-20.00 

0.0 
0.0 

-15.00 
-5.00 
o.o 

0.0 
3.00 

30.00 
-40.00 
-10.00 
-10.00 

0.0 
-0.20 
10.00 

-30.00 
-12.00 

0.0 
2.30 
0.70 

-2.20 
5.00 
1.00 

-10.00 
0.0 

30.00 
10.00 
5.00 
0.0 
0.0 

-10.00 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

20.00 
1.00 
1.00 

20.00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3.01E-03 3.43E-03 3.36E-03 7.01E-03 8.15E-05 3.66E-03 2.05E-02 
1.32E+OO 1.50E+OO 1.47E+OO 3.07E+OO 1.73E-02 1.53E+OO 8.91E+OO 
4.39E-03 S.OOE-03 4.90E-03 1.02E-02 1.05E-04 5.29E-03 2.99E-02 
2.38E-02 2.71E-02 2.65E-02 5.54E-02 4.92E-04 2.83E-02 1.62E-01. 
4.54E-01 5.17E-01 5.07E-01 1.06E+OO 6.29E-03 5.29E-01 3.07E+OO 
2.02E-01 2.30E-01 2.25E-01 4.70E-01 2.92E-03 2.36E-01 1.37E+OO 
5.71E-03 6.51E-03 6.37E-03 1.33E-02 1.27E-04 6.84E-03 3.89E-02 
1.22E+01 1.39E+01 1.36E+01 2.84E+01 1.57E-01 1.41E+01 8.23E+01 
4.11E-01 4.68E-01 4.59E-01 9.58E-01 6.23E-03 4.81E-01 2.78E+OO 
1.01E-02 1.16E-02 1.13E-02 2.36E-02 2.22E-04 1.21E-02 6.90E-02 
3.65E+OO 4.16E+OO 4.08E+OO 8.52E+OO 4.85E-02 4.25E+OO 2.47E+01 
1.02E+01 1.17E+01 1.14E+01 2.38E+01 1.32E-01 1.19E+01 6.92E+01 
2.59E+OO 2.95E+OO 2.89E+OO 6.03E+OO 3.37E-02 3.01E+OO 1.75E+01 
7.03E+OO 8.01E+OO 7.84E+OO 1.64E+01 9.09E-02 8.17E+OO 4.75E+01 
4.26E+OO 4.86E+OO 4.76E+OO 9.93E+OO 5.54E-02 4.9SE+OO 2.88E+01 
1.36E+OO 1.55E+OO 1.52E+OO 3.17E+OO 1.84E-02 1.53E+OO 9.20E+OO 
4.35E+OO 4.9SE+OO 4.85E+OO 1.01E+01 5.63E-02 S.OSE+OO 2.94E+01 
2.67E-01 3.04E-01 2.98E-01 6.23E-01 3.80E-03 3.12E-01 1.81E+OO 
1.35E-02 1.54E-02.1.51E-02 3.15E-02 2.43E-04 1.60E-02 9.17E-02 
5.79E-02 6.60E-02 6.46E-02 1.35E-01 1.29E-03 6.94E-02 3.94E-01 
5.42E-01 6.17E-01 6.05E-01 1.26E+OO 7.64E-03 6.32E-01 3.67E+OO 
1.7SE+OO 2.03E+OO 1.99E+OO 4.16E+OO 2.33E-02 2.08E+OO 1.21E+01 
3.60E-02 4.10E-02 4.01E-02 8.39E-02 5.53E-04 4.22E-02 2.44E-01 
3.52E-01 4.01E-01 3.93E-01 8.20E-01 4.67E-03 4.09E-01 2.38E+OO 
2.45E+OO 2.79E+OO 2.74E+OO 5.71E+OO 3.22E-02 2.8SE+OO 1.66E+01 
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~tlaH Hki-B zHB U23! U234 ti-i23o RA226 PB21S Po21S tdtAl - . 
----------------------------------------------------------------------------------------------------------------------------· 
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~.a 
.1) 

:! 
.Q 

:! 
o:~ 

20.00 
1.00 
.1. 00 

2o.po 

t~o p. 
~: 
0.0 
0.0 
0.0 
0.0 
0.0 

L66e-o6 1.~9e-o6 LasE-06 3.481:-06 l.2S~-b7 2.93~-b~ 1.21~-os 
6.g9E-P4 7.16E-04 7.02E-04 1.29E-03 1.71 -P6 5.9~~-p4 3.94E-03 
~.41E-06 ~.74E-06 2.69E-06 S.04E-06 3.69 -P7 3.80E-q6 1.70£-05 
1.29E-p5 1.47~-p, 1.44E-05 2.69E-b5 1.~~ -P6 1.80E-p5 .83E-05 ~.27E-04 2.59E-04 ~.53F-04 4.70F-04 5.09 -06 2.25£-04 ,.44E-03 
1.03£-04 1.17E-b4 1.15F-04 2.13E-04 3.21£-06 1.0SE-P4 6.~6E-D4 
3.10£-06 ~.53E-Q6 3.46~-06 6.48E-06 4.11E-07 ~.59E-06 2.16E-P5 
5.35E-03 6.09E-Q3 5.97E-D3 1.09E-02 4.81E-P5 4.9ie-b3 3.33F-02 
2.09£-04 2.38E-Q4 ~.33£-04 4.34F-P4 8.~2£-06 2.24E-P4 1.35£-03 
5.56~-06 6.~3£-06 6.20E-06 1.16£-05 7.13e-p7 8.14£-06 3.86E-05 
1.81£-03 2.06£-03 2.02£-03 3.73E-03 2.58£-05 1.72E-D3 1 •. 14£-02 
4.53£·03 S.22E-03 S.11E-03 9.3~£-03 4.17E-05 ~.21e-P3 2.85E-02 
1.21E-03 1.38E-P3 1.35E-03 2.49E-03 1.28E-05 1.13E-P3 7.5BE-03 
2.99E-03 3.40~-p3 3.33E-03 6.0SE-03 2.7DE-P5 2.73E-03 1.85£-02 
1.96E-03 2.23e-P3 2.19E-03 4.02£-03 1.98E-05 1.82E·03 1.22E-02 
6.~8E-04 7.61£-04 7.46E-04 1.38E-P3 1.13E-05 ~.46£-04 4.21E-03 
2.00£-03 2.28E-03 2.2~~-03 4.10E-03 1.8SF-05 1.85E-P3 .1.25E-P2 
1.35E-~4 1.54~-~4 1.51~-04 2.80E-04 3.75E-~6 1.37E-P4 8.61£-04 
7.18E-06 8.18~-01 8.01E-06 1.50E-05 5~59£-07 8.89E-06 4.78E-05 
3.08E-OS 3.51E-05 3.44E-05 6.43E-05 4.19£-06 4.61E-05 2.15E-04 
2.75E-04 3.13E-04 3.07£-04 5.70£-04 7.07E-06 2.76E-04 1.75E-03 
8.77E-04 1.00£-03 9.79E-04 1.81E-03 1.32E-05 8.38£-04 5.52E-03 
1.87E-05 2.13E-05 2.08E-05 3.8SE-05 8.10E-07 2.03£-05 1.21E-04 
1.72E-04 1.96E·04 1.92E-04 3.54E-04 2.44E-06 1.63E-04 1.08E·03 
1.20E-03 1.36E-03 1.34E-03 2.47E-03 1.47£-05 1.13£-03 7.51E-03 
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IDENTIFICATION 

ALBUQUERQUE 
BIBO 
BLUEWATER 
BELEN 
CASA BLANCA 
CUBERO 
GRt.tHS- MILLAN 
JACKPILE-HOUSING 
LAGUNA AND ENCINAL 
LOS LUNAS 
NESITA 
NOtiiTOR AT DUHP F 
MONITOR AT WELL 4 
MONITOR AT WEST SIDE 
MONITOR AT NIUE VENT 
MOQUINO 
PAGUATE 
SEAI1A 
SAN FIDEL 
SAN HATED 
SABOYETA 
RANGE NORTH 
RANGE EAST 
RANGE WEST 
RANGE SOUTH 
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Table 0.8. Inhalation Dose Commitments (mrem/yr) 
to Pulmonary Region from Particulates 

XlKHJ YlKMJ 

60.00 
-2.00 

-60.00 
50.00 

-10.00 
-16.00 
-40.00 

o.o 
-5.00 
60.00 

3.00 
2.70 

-0.70 
-2.00 
-3.30 
-1.50 
3.00 

-14.00 
-25.00 
-20.00 

0.0 
0.0 

-15.00 
-5.00 
0.0 

0.0 
3.00 

30.00 
-40.00 
-10.00 
-10.00 

0.0 
-0.20 
10.00 

-30.00 
-12.00 

0.0 
2.30 
0.70 

-2.20 
5.00 
1.00 

-10.00 
0.0 

30.00 
10.00 
5.00 
0.0 
0.0 

-10.00 

ZlMJ 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

20.00 
1.00 
1.00 

20.00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

U238 U234 TH230 RA226 PB210 P0210 TOTAL 

1.28E-03 1.45E-03 1.42E-03 3.30E-04 6.16E-04 2.50E-04 5.35E-03 
4.60E-01 5.24E-01 5.13E-01 1.19E-01 1.30E-02 4.48E-02 1.67E+OO 
1.85E-03 2.10E-03 2.06E-03 4.78E-04 6.99E-04 3.20E-04 7.51E-03 
9.83E-03 1.12E-02 1.10E-02 2.55E-03 2.75E-03 1.49E-03 3.&8E-02 
1.69E-01 1.92E-01 1.&3E-01 4.37E-02 9.06E-03 1.74E-02 6.20E-01 
7.68E-02 8.76E-02 8.58E-02 1.99E-02 5.83E-03 8.28E-03 2.84E-01 
2.37E-03 2.70E-03 2.64E-03 6.13E-04 7.76E-04 3.84E-04 9.48E-03 
3.78E+OO 4.31E+OO 4.22E+OO 9.79E-01 7.45E-02 3.61E-01 1.37E+01 
1.57E-01 1.78E-01 1.75E-01 4.05E-02 1.57E-02 1.77E-02 5.83E-01 
4.26E-03 4.85E-03 4.75E-03 1.10E-03 1.35E-03 6.80E-04 1.70E-02 
1.34E+OO 1.53E+OO 1.49E+OO 3.46E-01 4.41E-02 1.32E-01 4.88E+OO 
3.26E+OO 3.72E+OO 3.64E+OO 8.44E-01 6.50E-02 3.12E-01 1.18E+01 
8.81E-01 1.00E+OO 9.83E-01 2.28E-01 2.03E-02 8.49E-02 3.20E+OO 
2.08E+OO 2.37E+OO 2.32E+OO 5.38E-01 4.15E-02 1.99E-01 7.5SE+OO 

. 1.41E+OO 1.61E+OO 1.58E+OO 3.66E-01 3.17E-02 1.36E-01 5.14E+OO 
4.94E-01 5.63E-01 5.51E-01 1.28E-01 2.07E-02 4.96E-02 1.81E+OO 
1.44E+OO 1.65E+OO 1.61E+OO 3.74E-01 2.97E-02 1.33E-01 5.24E+OO 
1.01E-01 1.15E-01 1.13E-01 2.61E-02 6.77E-03 1.07E-·oz 3.72E-01 
5.45E-03 6.21E-03 6.08E-03 1.41E-03 1.05E-03 7.24E-04 2.09E-02 
2.34E-02 2.67E-B2 2.62E-02 6.07E-03 7.91E-03 3.85E-03 9.41E-02 
2.06E-01 2.34E-01 2.29E-01 5.32E-02 1.27E-02 2.15E-02 7.57E-01 
6.49E-01 7.39E-01 7.24E-01 1.68E-01 2.27E-02 6.42E-02 2.37E+OO 
1.41E-02 1.60E-02 1.57E-02 3.64E-03 1.49E-03 1.61E-03 5.25E-02 
1.27E-01 1.44E-01 1.41E-01 3.28E-02 4.15E-03 1.25E-02 4.62E-01 
8.83E-01 1.01E+OO 9.86E-01 2.29E-01 2.47E-02 8.60E-02 3.22E+OO 
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IDENTIFICATION 

ALBUQUERQUE 
BIBO 
BLUEUATER 
BELEH 
CASA BLANCA 
CUBERO 
GRt.IITS- MILLAN 
JACKPILE-IIOUSING 
LAGUIIA AIID ENCINAL 
LOS LUNAS 
MESITA 
HO:IITOR AT DUl'IP F 
MONITOR AT WELL 4 
MOIIITOR AT liEST SIDE 
HOIIITOR AT HIHE VENT 
HOQUINO 
PAGUATE 
SEAHA 
SAN FIDEL 
SAN MATEO 
SABOYETA 
RAIIGE NORTH 
RANGE EAST 
RANGE WEST 
RAIIGE SOUTH 

CONFIDENTIAL 

Table 0.9. Inhalation Dose Commitments {mrem/yr) 
to Whole Body from Particulates 

Xli<Hl YlKHJ 

60.00 
-2.00 

-60.00 
50.00 

-10.00 
-16.00 
-40.00 

0.0 
-5.00 
60.00 
3.00 
2.70 

-0.70 
-2.00 
-3.30 
-1.50 
3.00 

-14.00 
-25.00 
-20.00 

0.0 
0.0 

-15.00 
-5.00 
0.0 

0.0 
3.00 

30.00 
-40.00 
-10.00 
-10.00 

o.o 
-0.20 
10.00 

-30.00 
-12.00 

0.0 
2.30 
0.70 

-2.20 
5.00 
1.00 

-10.00 
o.o 

30.00 
10.00 
5.00 
0.0 
0.0 

-10.00 

ZlHJ 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

20.00 
1.00 
1.00 

20.00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

U238 U234 TH230 RA226 PB210 P0210 TOTAL 

1.04E-06 1.19E-06 1.37E-04 2.98E-05 5.85E-05 1.66E-06 2.29E-04 
4.01E-04 4.56E-04 5.15E-02 1.25E-02 3.11E-03 5.33E-04 6.85E-02 
1.51E-06 1.72E-06 1.99E-04 4.34E-05 6.77E-05 2.28E-06 3.15E-04 
8.09E-06 9.22E-06 1.06E-03 2.34E-04 2.76E-04 1.16E-05 1.60E-03 
1.44E-04 1.64E-04 1.86E-02 4.37E-03 1.47E-03 1.89E-04 2.50E-02 
6.50E-05 7.40E-05 8.44E-03 1.95E-03 8.12E-04 8.57E-05 1.14E-02 
1.95E-06 2.22E-06 2.55E-04 5.63E-05 7.65E-05 2.88E-06 3.95E-04 
3.44E-03 3.92E-03 4.36E-01 1.13E-01 2.48E-02 4.78E-03 5.86E-01 
1.32E-04 1.51E-04 1.72E-02 3.97E-03 1.99E-03 1.77E-04 2.36E-02 
3.49E-06 3.97E-06 4.58E-04 1.00~-04 1.33E-04 5.10E-06 7.04E-04 
1.15E-03 1.31E-03 1.48E-01 3.50E-02 9.32E-03 1.50E-03 1.97E-01 
2.94E-03 3.35E-03 3.74E-01 9.53E-02 2.11E-02 4.04E-03 5.00E-01 
7.74E-04 8.82E-04 9.92E-02 2.44E-02 5.70E-03 1.04E-03 1.32E-01 
1.93E-03 2.20E-03 2.43E-01 6.46E-02 1.42E-02 2.73E-03 3.29E-01 
1.25E-03 1.43E-03 1.60E-01 4.00E-02 9.17E-03 1.70E-03 2.14E-01 
4.24E-04 4.84E-04 5.48E-02 1.30E-02 3.84E-03 5.59E-04 7.32E-02 
1.28E-03 1.46E-03 1.64E-01 4.08E-02 9.12E-03 1.73E-03 2.18E-01 
8.56E-05 9.75E-05 1.11E-02 2.58E-03 9.92E-04 1.13E-04 1.50E-02 
4.52E-06 5.15E-06 5.91E-04 1.32E-04 1.12E-04 6.24E-06 8.51E-04 
1.94E-05 2.21E-05 2.54E-03 5.68E-04 7.80E-04 2.90E-05 3.96E-03 
1.74E-04 1.98E-04 2.26E-02 5.24E-03 1.92E-03 2.28E-04 3.03E-02 
5.57E-04 6.35E-04 7.20E-02 1.71E-02 4.66E-03 7.31E-04 9.56E-02 
1.18E-05 1.34E-05 1.54E-03 3.50E-04 1.85E-04 1.57E-05 2.11E-03 
1.09E-04 1.24E-04 1.41E-02 3.36E-03 8.89E-04 1.44E-04 1.87E-02 
7.61E-04 8.67E-04 9.82E-02 2.34E-02 5.82E-03 9.98E-04 1.30E-01 
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IDENTIFICATION 

ALBUQUERQUE 
BIBO 
BLUEWATER 
BELEN 
CASA BlANCA 
CUBERO 
GRANTS- MILLAN 
JACKPILE-HOUSINS 
LAGUNA AHO ENCINAL 
LOS LUNAS 
ME SIT A 
MOIUTOR AT DUMP F 
MONITOR AT WEll 4 
MONITOR AT WEST SIDE 
HOHITOR AT HINE VENT 
HOQUIHO 
PAGUATE 
SEAHA 
SAH FIDEL 
SAN HATED 
SABOYETA 
RANGE NORTH 
RANGE EAST 
RAN:iE WEST 
RANGE SOUTH 

CONFIDENTIAL 

Table 0.10. Inhalation Dose Commitments (mrem/yr) 
to Bone from Particulates 

XlKHI YlKHI 

60.00 
-2.00 

-60.00 
50.00 

-10.00 
-16.00 
-40.00 

0.0 
-5.00 
60.00 

3.00 
2.70 

-0.70 
-2.00 
-3.30 
-1.50 
3.00 

-14.00 
-25.00 
-20.00 

0.0 
0.0 

-15.00 
-5.00 
0.0 

o.o 
3.00 

30.00 
-40.00 
-10.00 
-10.00 

0.0 
-0.20 
10.00 

-30.00 
-12.00 

0.0 
2.30 
0.70 

-2.20 
5.00 
1.00 

-10.00 
0.0 

30.00 
10.00 
5.00 
o.o 
0.0 

-10.00 

ZlMI 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

20.00 
1.00 
1.00 

20.00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

U238 U234 TH230 RA226 PB210 P0210 TOTAL 

1.76E-05 1.92E-05 4.94E-03 2.9BE-04 1.82E-03 6.76E-06 7.10E-03 
6.76E-03 7.38E-03 1.86E+OO 1.25E-01 9.69E-02 2. 17E-03 2.10E+OO 
2.55E-05 2.78E-05 7.17E~Ol 4.l4E-04 2.11E-03 9.31E-06 9.77E-03 
1.37E-04 1.49E-04 3.83E-02 2.34E-03 8.58E-03 4.74E-05 4.95E-02 
2.43E-03 2.65E-03 6.73E-01 4.37E-02 4.59E-02 7.70E-04 7.68E-01 
1.10E-03 1.20E-03 3.05E-01 1.95E-02 2.53E-02 3.49E-04 3.52E-01 
3.29E-05 3.59E-05 9.22E-03 5.63E-04 2.38E-03 1.17E-05 1.22E-02 
5.80E-02 6.33E-02 1.57E+01 1.13E+OO 7.75E-01 1.95E-02 1.78E+01 
2.23E-03 2.44E-03 6.20E-01 3.97E-02 6. 18E-02 7.21E-04 7.27E-01 
5.89E-05 6.42E-05 1.65E-02 1.00E-03 4.13E-03 2.08E-05 2.18E-02 
1.94E-02 2.11E-02 5.35E+OO 3.50E-01 2.91E-01 6.10E-03 6.04E+OO 
4.96E-02 5.41E-02 1.35E+01 9.53E-01 6.57E-01 1.64E-02 1.52E+01 
1.31E-02 1.43E-02 3.58E+OO 2.44E-01 1.78E-01 4.22E-03 4.04E+OO 
3.25E-02 3.5SE-02 8.77E+OO 6.46E-01 4.44E-01 1.11E-02 9.94E+OO 
2.12E-02 2.31E-02 5.79E+OO 4.00E-01 2.86E-01 6.92E-03 6.53E+OO 
7.17E-03 7.82E-03 1.98E+OO 1.30E-01 1.20E-01 2.28E-03 2.25E+OO 
2.16E-02 2.36E-02 5.91E+OO 4.08E-01 2.85E-01 7.05E-03 6.66E+OO 
1.44E-03 1.58E-03 4.01E-01 2.53E-02 3.09E-02 4.59E-04 4.61E-01 
7.63E-05 8.33E-05 2.13E-02 1.32E-03 3.48E-03 2.54E-05 2.63E-02 
3.28E-04 3.58E-0~ 9.17E-02 5.68E-03 2.42E-02 1.18E-04 1.22E-01 
2.94E-03 3.20E-03 8.16E-01 5.24E-02 5.99E-02 9.28E-04 9.35E-01 
9.41E-03 1.03E-02 2.60E+OO 1.71E-01 1.45E-01 2.98E-03 2.94E+OO 
1.99E-04 2.17E-04 5.54E-02 3.50E-03 5.7SE-03 6.38E-05 6.52E-02 
1.84E-03 2.01E-03 5.08E-01 3.36E-02 2.77E-02 5.85E-04 5.74E-01 
1.28E-02 1.40E-02 l.SSE+OO 2.34E-01 1.82E-01 4.06E-03 3.99E+OO 
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Table 0.11. Inhalation Dose Commitments (mrem/yr) 
to Bronchial Epithelium and Working Level 

Month (WLM) from Radon 
IDEHTIFICATIOH XIKH) YlKHl ZlHl DOSE RATE WLH 

----------------------------------------------------------------------------------
ALBUQUERQUE 60.00 0.0 0.0 5.78E-02 1.62E-05 
BIBO -2.00 3.00 0.0 1.97E+01 4.35E-03 
BlUEWATER -60.00 30.00 0.0 5.89E-02 1.65E-05 
BELEH 50.00 -40.00 0.0 2.33E-01 6.53E-05 
CASA BLANCA -10.00 -10.00 0.0 2.66E+OO 1. 14E-04 
CUI3ERO -16.00 -10.00 0.0 1.47E+OO 3.98E-04 
GRANTS- HILlAN -40.00 0.0 0.0 1.09E-01 3.04E-05 
JACKPILE-HOUSING 0.0 -0.20 0.0 6.87E+01 1.18E-02 
lAGUNA AND ENCINAL -5.00 10.00 0.0 8.58E+OO 2.26E-03 
LOS LUNAS 60.00 -30.00 0.0 1.17E-01 3.29E-05 
MESITA 3.00 -12.00 o.o 1.09E+01 2.85E-03 
MONITOR AT DUMP F 2.70 0.0 20.00 5.04E+01 9.11E-03 
HOHITOR AT WELL 4 -0.70 2.30 1.00 3.81E+01 7.76E-03 
MONITOR AT WEST SIDE -2.00 0.70 1.00 6.49E+01 9.69E-03 
HOHITOR AT HIHE VENT -3.30 -2.20 20.00 1.81E+01 3.89E-03 
HOQUINO -1.50 5.00 0.0 2.61E+01 6.26E-03 c PAGUATE 3.00 1.00 0.0 2.80E+01 5.28E-03 I 

SEAMA -14.00 -10.00 0.0 1.79E+OO 4.85E-04 N 

SAN FIDEL -25.00 0.0 eo.o 2.41E-01 6.61E-05 ~ 

SAN HAT EO -20.00 30.00 0.0 1.19E+OO 3.33E-04 
SABOYETA 0.0 10.00 0.0 8. 10E+OO 2.06E-03 
RAIIGE NORTH 0.0 5.00 0.0 3.18E+01 7 .38E-03 
RAilGE EAST -15.00 0.0 0.0 5.82E-01 1.54E-04 
RANGE WEST -5.00 0.0 0.0 4.27E+OO 9.85E-04 
RANGE SOUTH 0.0 -10.00 0.0 6.30E+OO 1.61E-03 

CONFIDENTIAL POL-EPA01-0007857 



D-25 

D.3.2 External Exposure Dose Commitments 

D.3.2.1 Ground Deposition 

Table Title Page 
D.12 External Dose Commitments to Skin from D-26 

Ground Deposition 
D.13 External Dose Commitments to Whole Body from D-27 

Ground Deposition 
D.14 External Dose Commitments to Ovaries from D-28 

Ground Deposition 
D.l5 External Dose Commitments to Testes from D-29 

Ground Deposition 
D.16 External Dose Commitments to Lung from D-30 

Ground Deposition 
D.17 External Dose Commitments to Red Marrow from D-31 

Ground Deposition 

D.3.2.2 Air 

Table Title Page 
D.18 External Dose Commitments to Skin from D-32 

Cloud Submersion 
D.19 External Dose Commitments to Whole Body D-33 

from Cloud Submersion 
D.20 External Dose Commitments to Ovaries from D-34 

Cloud Submersion 
D.21 External Dose Commitments to Testes from D-35 

Cloud Submersion 
D.22 External Dose Commitments to Lung from D-36 

Cloud Submersion 
D.23 External Dose Commitments to Red Marrow 0-37 

from Cloud Submersion 
D.24 External Dose Commitments to Skeleton from D-38 

Cloud Submersion 

CONFIDENTIAL POL-EPA01-0007858 



Table D.12. External Dose Commitments (mrem/yr) 
to Skin from Ground Deposition 

IDENTIFICATION XlKH) YlKHJ ZlH) U23S U234 TH230 RA226 PB210 TOTAL 
----------------------------------------------------------------------------------------------------------------------------· 

ALBUQUERQUE 60.00 0.0 0.0 5.40E-03 9.34E-06 7.90E-06 4.83E-03 7.63E-03 1.79E-02 
BIBO -2.00 3.00 0.0 1.07E+01 1.86E-02 1.57E-02 9.59E+OO 3.67E+OO 2.40E+01 
BLUEI-fATER -60.00 30.00 0.0 8.34E-03 1.44E-05 1.22E-05 7.45E-03 9.32E-03 2.51E-02 
BELEH 50.00 -40.00 0.0 4.84E-02 8.37E-05 7.03E-05 4.32E-02 4.14E-02 1.33E-01 
CASA BLANCA -10.00 -10.00 0.0 2.26E+OO 3.91E-03 3.31E-03 2.02E+OO 8.23E-01 5.12E+OO 
CUBERO -16.00 .. 10.00 0.0 8.17E-01 1.41E-03 1.20E-03 7.30E-01 3.19E-01 1.87E+OO 
GRANTS- MILLAN -40.00 0.0 0.0 1.11E-02 1.91E-05 1.62E-05 9.87E-03 1.09E-02 3.19E-02 
JACK PILE-HOUSING 0.0 -0.20 0.0 1.83E+02 3.25E-01 2.75E-01 1.68E+02 6.36E+01 4.20E+02 
LAGUNA AtlO ENCINAL -5.00 10.00 0.0 1.68E+OO 2.90E-03 2.45E-03 1.50E+OO 6.90E-01 3.87E+OO 
LOS lUNAS 60.00 -30.00 0.0 1.94E-02 3.36E-05 2.84E-05 1.73E-02 1.89E-02 5.58E-02 
HESITA 3.00 -12.00 0.0 2.06E+01 3.55E-02 3.01E-02 1.84E+01 7 .13E+OO 4.61E+01 
HmiiTOR AT DUMP F 2.70 0.0 20.00 1.40E+02 2.42E-01 2.04E-01 1.25E+02 4.73E+01 3.12£+02 
HOI I IT OR AT HELL 4 -0.70 2.30 1.00 2.46E+01 4.25E-02 3.60E-02 2.20E+01 8.36E+OO 5.50E+01 
MONITOR AT HEST SIDE -2.00 0.70 1.00 1.37E+02 2.37E-01 2.01E-01 1.23E+02 4.64E+01 3.07E+02 
MOtU TOR AT HitlE VENT -3.30 -2.20 20.00 4.63E+01 B.OOE-02 6.77E-02 4.13E+01 1.57E+01 1.03E+02 
HOQUINO -1.50 5.00 0.0 8.34E+OO 1.44E-02 1.22E-02 7.45E+OO 2.93E+OO 1.87E+O 1 
PAGUATE 3.00 1.00 0.0 4.77E+01 8.24E-02 6.97E-02 4.26E+01 1.61E+01 1.07E+02 
SEAHA .. 14.00 -10.00 0.0 1. 16E+OO 2.00E-03 1. 70E-03 1.04E+OO 4.39E-01 2.64E+OO 0 
SAN FIDEL -25.00 0.0 0.0 3.13E-02 5 .41Ei05 4.58E-05 2.80E-02 1.98E-02 7.92E-02 I 

SAN HATEO -20.00 30.00 0.0 1.35E-01 2.3ftE-04 1. 98E-04 1.21E-01 1.19E-01 3.76E-01 N 
m 

SABOYETA 0.0 10.00 0.0 2.27E+OO 3.93E-03 3.33E-03 2.03E+OO 8.55E-01 S. 17E+OO 
RANGE NORTH 0.0 5.00 0.0 1.03E+01 1.87E-02 1.58E-02 9.67E+OO 3.76E+OO 2.43E+01 
RAIIGE EAST -15.00 0.0 0.0 1.12E-01 1.93E-04 1.64E-04 9.98E-02 4.98E-02 2.62E-01 
RAtiGE WEST -5.00 0.0 0.0 2.33E+OO 4.02E-03 3.40E-03 2.08E+OO 8.03E-01 5.21E+OO 
RANGE SOUTH 0.0 -10.00 0.0 1.57E+01 2.72E-02 2.30E-02 1.40E+~1 5.39E+OO 3.52E+Ot 

CONFIDENTIAL POL-EPA01-0007859 



Table D.13. External Dose Commitments (mrem/yr) 
to Whole Body from Ground Deposition 

IDENTIFICATION XfKHJ YfKHJ ZfH) U238 U234 TH230 RA226 PB210 TOTAL 
------------------------------------------------------------------------------------------------------------------------------

ALBUQUERQUE 60.00 o.o 0.0 1.33E-05 1.72E-06 2.20E-06 7.82E-04 3.40E-05 8.33E-04 
BIBO -2.00 3.00 0.0 2.64E-02 3.41E-03 4.37E-03 1.55E+OO 1.64E-02 1.60E+OO 
BLUEWATER -60.00 30.00 0.0 2.05E-05 2.65E-06 3.39E-06 1.21E-03 4. 16E-05 1.28E-03 
BELEN 50.00 -40.00 0.0 1. 19E-Oit 1.54E-05 1.97E-05 7.00E-03 1.851:-04 7 .Y.r-03 
CASA BLANCA .. 10.00 -1'l.OO 0.0 5.56E-03 7. 19E-04 9.21E-04 3.28E-01 3.67E-Ol 3.l'3E-01 
CUBERO -16.00 -10.00 0.0 2.01E-03 2.60£-04 3.33£-04 1.18E-01 1.42E-03 1.22E-01 
GRANTS- MILLAN -40.00 0.0 0.0 2.72E-05 3.51E-06 4.50E-06 1.60£-03 4.86E-05 1.68E-03 
JACKPILE-HOUSING 0.0 -0.20 0.0 4.62E-01 5.97E-02 7.65E-02 2.72E+01 2.84E-01 2.81E+01 
LAGUNA AND ENCINAL -5.00 10.00 0.0 4. 12E-03 5.32E-04 6.81E-04 2.42E-01 3.0BE-03 2.51E-01 
LOS LUNAS 60.00 -30.00 0.0 4.77E-05 6.17E-06 7.90E-06 2.81E-03 8.46£-05 2.96E-03 
HESITA 3.00 -12.00 0.0 S.OSE-02 6.53E-03 8.36E-03 2.97E+OO 3.18E-02 3.07E+OO 
MONITOR AT DUHP F 2.70 0.0 20.00 3.44E-01 4.44E-02 5.69E-02 2.02£+01 2.11£-01 2.09£+01 
MONITOR AT WELL 4 -0.70 2.30 1.QO 6.05E-02 7.82£-03 1.00E-02 3.56£+00 3.73£-02 3.68£+00 
MONITOR AT WEST SIDE -2.00 0.70 1.00 3.38£-01 4.36E-02 5.59£-02 1.99E+01 2.07E-01 2.05£+01 
MONITOR AT HINE VENT -3.30 -2.20 20.00 1.14E-01 1.47E-02 1.8SE-02 6.70E+OO 7.00E-02 6.91E+GO 
HOQUIHO -1.50 5.00 0.0 2.05E-02 2.65E-03 3.39E-03 1.21E+OO 1.31£-02 1.25E+OO 
PAGUATE 3.00 1.00 0.0 1.17E-01 1.51£-02 1.94£-02 6.90E+OO 7.20E-02 7 .12E+OO c SEAHA -14.00 -10.00 0.0 2.85E-03 3.69E-04 4.72E-04 1.68E-01 1. 96E-03 1.73E-01 I 

SAH FIDEL -25.00 0.0 0.0 7.70E-05 9.95i-06 1.27E-05 4.53E-03 8.85E-05 4.72E-03 N 

SAH HAT EO -20.00 30.00 0.0 3.33E-04 4.30E-05 5.51E-05 1.96£-02 5.31E-04 2.06£-02 ....... 

SABOYETA 0.0 10.00 0.0 5.59E-03 7.23E-04 9.25E-04 3.29£-01 3.81E-03 3.40E-01 
RAHGE NORTH 0.0 5.00 0.0 2.66E-02 3.44E-03 4.40E-03 1.57E+OO t.68E-02 1.62E+OO 
RANGE EAST -15100 0.0 0.0 2.75E-04 3.55E-05 4.55E-05 1.62E-02 2.22E-04 1.68E-02 
RANGE WEST -5.00 0.0 o.o 5.7~E-03 7.39E-04 9.46E-04 3.37E-01 J.~~E-03 3.40E-01 
RANGE SOUTH 0.0 -10.00 0.0 3.86E-02 S.OOE-03 6.40E-03 2.28E+OO 2.41E-02 2.35E+OO 

I CONFIDENTIAL POL-EPA01-0007860 



Table D.14. External Dose Commitments (mrem/yr) 
to Ovaries from Ground Deposition 

IDENTIFICATION Xfi<HJ Yf KH J ZfHJ U238 U234 TH230 RA226 PB210 TOTAL 
-------------------------------------------------------------------~----------------------------------------------------------· 

ALBUQUERQUE 60.00 0.0 0.0 7.00E-06 4.56E-07 9.34E-07 5.81E-04 1.80E-05 6.07E-04 
BIBO -2.00 3.00 0.0 1.39E-02 9.06E-04 1.86E-03 1.15E+OO 8.66E-03 1.18E+OO 
BLUEWATER -60.00 30.00 0.0 1.0SE-05 7.04E-07 1.44E-06 8.97E-04 2.20E-05 9.31E-04 
BELW 50.00 -40.00 0.0 6.27E-05 4.09E-06 8.37E-06 5.20E-03 9.77E-05 5.37E-03 
CASA BLANCA -10.00 -10.00 0.0 2.94E-03 1.91E-04 3.91E-04 2.43E-01 1.94E-03 2.49E-01 
cuaERO -16.00 -10.00 0.0 1.06E-03 6.90E-05 1.41E-04 8.78E-02 7.53E-04 8.CJ8E-02 
GRANTS- HILLAH -40.00 0.0 0.0 1.43E-05 9.33E-07 1.91E-06 1.19E-03 2.57E-05 1.23E-03 
JACK PILE-HOUSING 0.0 -0.20 0.0 2.44E-01 1.59E-02 3.25E-02 2.02£+01 1.50E-01 2.06E+01 
LAGUNA AND ENCINAL -5.00 10.00 0.0 2.17E-03 1.41E-04 2.90E-04 1.80E-0 1 1.63E-03 1.84£-01 
LOS LUNAS 60.00 -30.00 0.0 2.52E-05 1.64E-06 3.36E-06 2.09E-03 4.47E-05 2. 16E-03 
ME SIT A 3.00 -12.00 0.0 2.66E-02 1.74E-03 3.55E-03 2.21E+OO 1.68E-02 2.26E+OO 
MONITOR AT DUHP F 2.70 0.0 20.00 1.81E-01 1.18E-02 2.42E-02 1.50E+01 1.12E-01 1.54E+01 
MONITOR AT WELL 4 -0.70 2.30 1. 00 3.19E-02 2.08E-03 4.25E-03 2.65E+OO 1.97E-02 2.70E+OO 
HONITOR AT WEST SIDE -2.00 0.70 1.00 1.78E-01 1.16E-02 2.37E-02 1.48E+01 1.10E-01 1.51E+01 
tiOHITOR AT MINE VENT -3.30 -2.20 20.00 6.00E-02 3.91E-03 S.OOE-03 4.97E+OO 3.70E-02 5.03E+OO 
MOQUIUO -1.50 5.00 0.0 1.08E-02 7.04E-04 1.44E-03 8.96E-01 6.91E-03 9.16E-01 
PAGUATE 3.00 1.00 0.0 6.18E-02 4.02E-03 8.24E-03 5. 12E+OO 3.81E-02 5.23E+OO 
SEAHA -14.00 -10.00 0.0 l.SOE-03 9.79E-05 2.00E-04 1.25E-01 1.04E-03 1.27E-01 c 
SAN FIDEL -25.00 0.0 0.0 4.06E-05 .2.64£-'16 5.41E-06 3.37E-03 4.68E-05 3.46E-03 I 

N SAN HATED -20.00 30.00 0.0 1.76E-04 1. 14E·u5 2.34E-05 1.46E-02 2.81E-04 1.50E-02 co 
SABOYETA 0.0 10.00 0.0 2.95E-03 1.92E-04 3.93E-04 2.44E-01 2.02E-03 2.50E-01 
RAIIGE NORTH 0.0 5.00 0.0 1.40E-02 9. 14E-04 1.87E-03 1.16E+OO 8.87E-03 1.19E+OO 
RANGE EAST -15.00 0.0 0.0 1.45E-04 9.44E-06 1.93E-05 1.20E-02 1.17E-04 1.23E-02 
RANGE WEST -5.00 0.0 0.0 3.02£-03 1.96E-04 4.02E-04 2.50E-01 1.90E-03 2.55E-01 
RANGE SOUTH 0.0 -10.00 0.0 2.04E-02 1.33E-03 2.72E-03 1.69E+OO 1.27E-02 1.73E+OO 

I 
I 

! 
CONFIDENTIAL POL-EPA01-0007861 



Table D.15. External Dose Commitments (mrem/yr) 
to Testes from Ground Deposition 

IDENTIFICATION XlKMJ YlKMJ ZlMJ .U238 U234 TH230 RA226 PB210 TOTAL 
·-----------------------------------------------------------------------------------------------------------------------------· 

ALBUQUERQUE 60.00 0.0 0.0 1. 17E-05 1.44E-06 1.94E-06 6.71E-04 2.88E-05 7.15E-04 
BIBO -2.00 3.00 0.0 2.32E-02 2.85E-03 3.85E-03 1.33£+00 1.39E-02 1.38E+OO 
BLUE~ATER -60.00 30.00 0.0 1.80E-05 2.22E-06 3.00E-06 1.04E-03 . 3.52E-05 1.09E-03 
BELEN 50.00 -40.00 0.0 1.05E-04 1.29£-05 1.74E-05 6.01£-03 1.56£-04 6.30E-03 
CASA BLANCA -10.00 -10.00 0.0 4.89E-03 6.02£-04 8.13E-04 2.81£-01 3.10£-03 2.91E-01 
CUBERO -16.00 -10.00 0.0 1. 77£-03 2. 17£-04 2.93£-04 1.02£-01 1.20E-03 1.05£-01 
GRAtiTS- MILLAN -40.00 0.0 o.o 2.39£-05 2.94£-06 3.97£-06 1.37£-03 4.11£-05 1.45E-03 
JACKPILE-HOUSING 0.0 -0.20 0.0 4.06£-01 S.OOE-02 6.75£-02 2.34£+01 2.40£-01 2.41E+01 
LAGUHA AHD ENCINAL -5.00 10.00 0.0 3.62£-03 4.45£-04 6.01£-04 2.08£-01 2.61£-03 2.15£-01 
LOS LUHAS 60.00 -30.00 0.0 4.20£-05 5.17£-06 6.97£-06 2.41£-03 7.15£-05 2.54£-03 
HESITA 3.00 -12.00 0.0 4.44£-02 5.47E-03 7.38£-03 2.55£+00 2.69E-02 2.64£+00 
MONITOR AT DUMP F 2.70 0.0 20.00 3.02£-01 3.72£-02 5.02E-02 1.74£+01 1.79E-01 1.79£+01 
MONITOR AT WELL 4 -0.70 2.30 1.00 5.32£-02 6.55£-03 8.84E-03 3.06£+00 3.16£-02 3.16E+OO 
MONITOR AT WEST SIDE -2.00 0.70 1.00 2.97£-01 3.65£-02 4.93£-02 1.71£+01 1.75E-01 1. 76£+01 
HOHITOR AT MINE VENT -3.30 -2.20 20.00 1.00£-01 1.23E-02 1.66£-02 5.75£+00 5.92£-02 5.94£+00 
HOQUINO -1.50 s.oo 0.0 1.80£-02 2.22£-03 2.99£-03 1.04E+OO 1.11£-02 1.07E+OO 
PAGUATE 3.00 1.00 0.0 1.03£-01 1.27£-02 1.71£-02 5.92£+00 6.09£-02 6.12£+00 c 
SEAHA -14.00 -10.00 0.0 2.51E-03 3.08E-04 4.16E-04 1.44E-01 1.66E-03 1.49£-01 I 

SAN FIDEL -25.00 0.0 0.0 6.77E-05 8.33i-06 1.12£-05 3.89£-03 7.48£-05 4.05E-03 N 
1.0 

SAN MATEO -20.00 30.00 0.0 2.93E-04 3.60E-05 4.86£-05 1.681::-02 4.49£-04 1. 77E-02 
SABOYETA 0.0 10.00 o.o 4.91£-03 6.05E-04 8.16£-04 2.83£-01 3.23£-03 2.92E-01 
RAUGE NORTH 0.0 s.oo 0.0 2.34£-02 2.88£-03 3.89£-03 1.34£+00 1.42E-02 1.39£+00 
RANGE EAST -15.00 0.0 0.0 2.42£-04 2.97£-05 4.01£-05 1.39E-02 1.83£-04 1.44£-02 
RANGE WEST -s.oo o.o o.o 5.03£-03 6. 19£-04 8.35£-04 2.89£-01 3.03E-03 2.99E-01 
RANGE SOUTH o.o -10.00 o.o 3.40E·02 4.18E-03 5.65E-03 1.95E+OO 2.04E-02 2.02E+OO 

CONFIDENTIAL POL-EPA01-0007862 



Table 0.16. External Dose Commitments {mrem/yr) 
to Lung from Ground Deposition 

IDENTIFICATION X(KH) YfKH) ZfH) U238 U234 TH230 RA226 PB210 TOTAL 
·-----------------------------------------------------------------------------------------------------------------------------

ALBUQUERQUE 60.00 0.0 0.0 1.10E-05 7.08E-07 1.29E-06 7.39E-04 2.16E-05 7.74E-04 
BIBO -2.00 3.00 0.0 2. 19E-02 1.41E-03 2.56E-03 1.47E+OO 1.04E-02 1.50E+OO 
BLUEWATER -60.00 30.00 0.0 1.70E-05 1.09E-06 1.99E-06 1.14E-03 2.64E-05 1.19E-03 
BELEH 50.00 -40.00 0.0 9.87E-05 6.34E-06 1.16E-05 6.62E-03 1.17E-04 6.85E-03 
CASA BLANCA -10.00 -10.00 0.0 4.62E-03 2.97E-04 5.40E-04 3.10E-01 2.33E-03 3.17E-01 
CUBERO -16.00 -10.00 0.0 1.67E-03 1.07E-04 1.95E-04 1.12E-01 9.03E-04 1.15E-01 
GRANTS- HILLAH -40.00 0.0 0.0 2.25E-05 1.45E-06 2.64E-06 1.51E-03 3.09E-05 1.57E-03 
JACKPILE-HOUSIHG 0.0 -0.20 0.0 3.83E-01 2.46E-02 4.49E-02 2.57E+01 1.80E-01 2.63E+01 
LAGUNA Atm ENCINAL -5.00 10.00 0.0 3.41E-03 2.19E-04 4.00E-04 2.29E-01 1.95E-03 2.35E-01 
LOS LUHAS 60.00 -30.00 0.0 3.96E-05 2.54E-06 4.64E-06 2.66E-03 5.36E-05 2.76E-03 
HE SIT A 3.00 -12.00 0.0 4.19E-02 2.69E-03 4.91E-03 2.81E+OO 2.02E-02 2.88E+OO 
Hot I IT OR AT DUHP F 2.70 0.0 20.00 2.85E-01 1.83E-02 3.34E-02 1.91E+01 1. 34E-01 1.96E+01 
MotH TOR AT WELL 4 -0.70 2.30 1.00 5.02E-02 3.22E-03 5.87E-03 3.37E+OO 2.37E-02 3.45E+OO 
MotH TOR AT WEST SIDE -2.00 0.70 1.00 2.80E-01 1.80E-02 3.28E-02 1.88E+01 1.31E-01 1.92E+01 
HOtUTOR AT HIHE VENT -3.30 -2.20 20.00 9.43E-02 6.06E-03 1.10E-02 6.33E+OO 4.44E-02 6.49E+OO 
HOQUIIIO -1.50 5.00 0.0 1.70E-02 1.09E-03 1.99E-03 1.14E+OO 8.29E-03 1.17E+OO 
PAGUATE 3.00 1.00 0.0 9.72E-02 6.24E-03 1.14E-02 6.52E+OO 4.57E-02 6.68E+OO c 
SEAMA -14.00 -10.00 0.0 2.36E-03 1.52E-04 2.77E-04 1.59E-01 1.24E-03 1.63E-01 I 

w SAH FIDEL -25.00 0.0 0.0 6.39E-05 4. 10E-06 7.48E-06 4.28E-03 5.61E-05 4.42E-03 0 
SAH MATEO -20.00 30.00 0.0 2.76E-04 1. 77~-05 3.23E-05 1.85E-02 3.37E-04 1.92E-02 
SABOYETA 0.0 10.00 0.0 4.64E-03 2.98E-04 5.43E-04 3.11E-01 2.42E-03 3.19E-01 
RANGE NORTH o.o 5.00 0.0 2.21E-02 1.42E-03 2.53E-03 1.48E+OO 1.06E-02 1.52E+OO 
RANGE EAST -15.00 0.0 0.0 2.28E-04 1.46E-05 2.67E-05 1.53E-02 1.41E-04 1.57E-02 
RAilGE WEST -5.00 0.0 0.0 4.74E-03 3.05E-04 5.55E-04 3.18E-01 2.27E-03 3.26E-01 
RANGE SOUTH o.o -10.00 0.0 3.21E-02 2.06E-03 3.75E-03 2.15E+OO 1.53E-02 2.20E+OO 

CONFIDENTIAL POL-EPA01-0007863 



Table D.17. External Dose Commitments (mrem/yr) 
to Red Marrow from Ground Deposition 

IDENTIFICATION XlKMl YlKMl ZlHl U238 U234 TH230 RA226 PB210 TOTAL 
------------------------------------------------------------------------------------------------------------------------------

ALBUQUERQUE 60.00 0.0 0.0 1.71E-05 1.81E-06 2.96E-06 8.26E-04 5.3ttE-05 9.02E-04 
BIBO -2.00 3.00 0.0 3.40E-02 3.60E-03 S.ME-03 1.64E+OO 2.57E-02 1.71E+OO 
BLUEWATER -60.00 30.00 0.0 2.64E-05· 2.80E-06 4.57E-06 1.28E-03 6.52E-05 1.37E-03 
BELEN 50.00 -40.00 0.0 1.53E-04 1.62E-05 2.65E-05 7.40E-03 2.90E-04 7.89E-03 
CASA BLANCA -10.00 -10.00 0.0 7. 17E-03 7.60E-04 1.24E-03 3.46E-01 5.76E-03 3.61E-01 
CUBERO -16.00 -10.00 0.0 2.59E-03 2.74E-04 4.48E-04 1.25E-01 2.23£-03 1.31E-01 
GRAtns- MILLAN -40.00 0.0 0.0 3.50E-05 3.71E-06 6.06E-06 1.69E-03 7.63E-05 1.81E-03 
JACKPILE-HOUSING 0.0 -0.20 0.0 5.95E-01 6.31E-02 1.03E-01 2.87[+01 4.45E-01 2.99E+01 
LAGUNA AHD ENCINAL -5.00 10.00 0.0 5.30E-03 5.62E-04 9. 18E-04 2.56E-01 4.83E-03 2.68E-01 
LOS lUNAS 60.00 -30.00 0.0 6.15E-05 6.52£-06 1.06E-05 2.97E-03 1.33£-04 3.18£-03 
HESITA 3.00 -12.00 0.0 6.51E-02 6.90E-03 1.13E-02 3. 14E+OO 4.99E-02 3.23E+OO 
MONITOR AT DUMP F 2.70 0.0 20.00 4.43E-01 4.69E-02 7.66E-02 2.14E+01 3.31E-01 2.23E+01 
MONITOR AT WELL 4 -0.70 2.30 1.00 7.79E-02 8.26E-03 1.35E-02 3.76E+OO 5.85E-02 3.92E+DO 
tiOHITOR AT WEST SIDE -2.00 0.70 1.00 ·4.35E-01 4.61£-02 7.52£-02 2. 10E+O 1 3.25E-01 2.19E+01 
MONITOR AT HINE VENT -3.30 -2.20 20.00 1.47E-01 1.55E-02 2.54£-02 7.08E+OO 1.10E-01 7.38E+OO 
MOQUINO -1.50 5.00 o.o 2.64E-02 2.80E-03 4.57E-03 1.28E+OO 2.05£-02 1.33E+OO 
PAGUATE 3.00 1.00 0.0 1.51E-01 1.60E-02 2.61E-02 7.29E+OO 1.13E-01 7.60E+OO 
SEAHA -14.00 -10.00 0.0 3.67E-03 3.89E-04 6.35E-04 1.77E-01 3.08£-03 1.85E-01 c 
SAH FIDEL -25.00 0.0 0.0 9.92E-05 1.05E-05 1.72E-05 4.79E-03 1.39£-04 5.06E-Ol I 

SAN MATEO -20.00 30.00 o.o 4.29E-04 4.55!-05 7.42E-05 2.07E-02 8.32E-04 2.21E-02 w ..... 
SABOYETA o.o 10.00 o.o 7.20E-03 7.64E-04 1.25E-Ol 3.48E-01 5.98E-03 l.63E-01 
RANGE HORTH 0.0 5.00 0.0 3.43E-02 3.63£-0l 5.93E-Ol 1.66E+OO 2.63E-02 1.73E+OO 
RANGE EAST -15.00 0.0 0.0 3.54E-04 3.75E-05 6.12E-05 1. 71E-02 3.49E-04 1.79E-02 
RAHGE WEST -5.00 0.0 0.0 7.37E-03 7.81E-04 1.27E-03 3.56E-01 5.62E-Ol 3.71E-01 
RANGE SOUTH o.o -10.00 0.0 4.98E-02 5.28E-03 8.61E·03 2.40E+OO 3.77E-02 2.51E+OO 

CONFIDENTIAL POL-EPA01-0007864 



Table 0.18. External Dose Commitments (mrem/yr) 
to Skin from Cloud Submersion 

IDEHTIFICATIOH XlKHl Yli<Hl ZtHl U238 U234 TH230 RA226 PB210-RH222 TOTAL 
-----------------------------------------------------------------------------------------------------------------------------

ALBUQUERQUE 60.00 0.0 0.0 4.28E-09 6.97E-11 7.48E-11 1.26E-08 3. 19E-03 3. 19£-03 
BIBO -2.00 3.00 0.0 1. 76E-06 2.86E-08 3.07£-08 5. 17E-06 5.71E-01 5.71E-01 
BLUEWATER -60.00 30.00 0.0 6.22E-09 1.01£-10 1.09£-10 1.83E-08 3.26E-03 3.26E-03 
BELEN 50.00 -40.00 0.0 3.35E-08 5.46E-10 5.85E-10 9.86E-08 1.29E-02 1.29E-02 
CASA BLANCA -10.00 -10.00 0.0 6.18E-07 1.01E-03 1.08E-08 1.82E-06 1.32E-01 1.32E-01 
CUBERO -16.00 -10.00 0.0 2. 77E-07 4.50E-09 4.84E-09 8.14E-07 7.47E-02 7.47E-02 
GRANTS- HILLAH -40.00 0.0 0.0 8.06E-09 1.31E-10 1.41E-10 2.37E-08 5.93E-03 5.93E-03 
JACKPILE-HOUSING 0.0 -0.20 0.0 1.57E-05 2.56E-07 2.75E-07 4.63E-05 7.20E-01 7.20E-01 
LAGUHA AND ENCINAL -5.00 10.00 0.0 5.63E-07 9.17E-09 9.85E-09 1.66E-06 4.03E-01 4.03E-01 
LOS LUNAS 60.00 -30.00 0.0 1.44E-08 2.34E-10 2.51E-10 4.23E-08 6.48E-03 6.43E-03 
MESITA 3.00 -12.00 0.0 4.95E-06 8.05E-08 8.65E-08 1.46E-05 S.lOE-01 5.10E-01 
MONITOR AT DUHP F 2.70 0.0 20.00 1.33E-05 2. 17E-07 2.33E-07 3.92E-05 6.94E-01 6.94E-01 
HOIUTOR AT WELL 4 -0.70 2.30 1.00 3.43E-06 S.SSE-08 5.99E-08 1.01E-05 8.38E-01 s.~e-o1 
MONITOR AT WEST SIDE -2.00 0.70 1.00 8.97E-06 1.46E-07 1.57E-07 2.64E-05 3.75E-01 3.75E-01 
MONITOR AT MINE VENT -3.30 -2.20 20.00 5.61E-06 9. 13E-08 9.80E-08 1.65E-05 4.87E-01 4.87E-01 
HOQUitlO -1.50 5.00 0.0 1.84E-06 2.99E-08 3.21E-08 5.41E-06 9.68E-01 9.68E-01 
PAGUATE 3.00 1.00 0.0 5.72E-06 9.32E-08 l.OOE-07 1.68E-05 4.63E-01 4.63E-01 
SEAHA -14.00 -10.00 0.0 3.65E-07 5.95E-09 6.39E-09 1.08E-06 9.05E-02 9.05E-02 0 
SAH FIDEL -25.00 0.0 0.0 1.89E-08 3.07E-10 3.30E-10 5.55E-08 1.25E-02 1.25E-02 I 

SAN MATEO -20.00 30.00 0.0 8.10E-08 1.32i-09 1.42E-09 2.38E-07 6.50E-02 6.50E-02 w 
N 

SABOYETA o.o 10.00 0.0 7.42E-07 1.21E-08 1.30E-08 2. 18E-06 3.49E-01 3.49E-01 
RAHGE NORTH 0.0 5.00 0.0 2.41E-06 3.93E-08 4.21E-08 7.09E-06 1.07E+OO 1.07E+OO 
RANGE EAST -15.00 0.0 0.0 4.97E-08 8.10E-10 8.69E-10 1.46E-07 2.77E-02 2.77E-02 
RANGE WEST -5.00 0.0 0.0 4.74E-07 7.12E-09 8.28E-09 1.39E-06 1.43E-01 1.43E-01 
RANGE SOUTH 0.0 -10.00 0.0 3.30E-06 5.38E-08 5.77E-08 9.72E-06 2.78E-01 2.78E-01 

CONFIDENTIAL POL-EPA01-0007865 



Table 0.19. External Dose Commitments (mrem/yr) 
to Whole Body from Cloud Submersion 

IDENTIFICATION XlKHI YlKHI ZlHI U238 U234 TH230 RA226 PB210-RH222 TOTAL 
------------------------------------------------------------------------------------------------------------------------------

ALBUQUERQUE 60.00 0.0 0.0 9.01E-11 1.28E-12 1.84E-12 6.82E-09 8.69E-04 8.69E-04 
BIBO -2.00 3.00 0.0 3.70E-08 5.24E-10 7.56E-10 2.80E-06 1.51E-01 1.51E-01 
BLUEWATER -60.00 30.00 0.0 1.31E-10 1.85E-12 2.68E-12 9.93E-09 8.88E-04 8.88E-04 
BELEN • 50.00 -40.00 0.0 7.06E-~·IJ 9.99E-12 1.44E-11 5.34E-08 3.50E-03 3.50E-03 
CASA BLANCA -1o.oo · -n.oo 0.0 1.30E-08 1.84E-10 2.65E-10 9.85E-07 3.57E-02 3.57£-02 
CUBERO -16.00 -10.00 0.0 5.83E-09 8.25E-11 1.19E-10 4.41E-07. 2.02E-02 2.02E-02 
GRANTS- MILLAN -40.00 0.0 0.0 1.70E-10 2.40E-12 3.46E-12 1.29£-08 1.61E-03 1.61E-03 
JACKPILE-HOUSING 0.0 -0.20 0.0 3.31E-07 4.69E-09 6.76E-09 2.51E-05 1.80E-01 1.80E-01 
LAGUNA AND ENCINAL -5.00 10.00 0.0 1. 19E-08 1.68E-10 2.42E-10 8.99E-07 1.09E-01 1.09E-01 
LOS LUNAS 60.00 -30.00 0.0 3.03E-10 4.28E-12 6.18E-12 2.29E-08 1.76E-03 1. 76E-03 
MESITA 3.00 -12.00 0.0 1.04E-07 1.47E-09 2.13E-09 7.89E-06 1.3-!IE-01 1.38E-0 1 
MOtU TOR AT DUtiP F 2.70 0.0 20.00 2.80E-07 3.97E-09 5.72E-09 2. 12E-05 1.77E-01 1. 77E-01 
MONITOR AT WELL 4 -0.70 2.30 1.00 7.22E-08 1.02E-09 1.47E-09 5.47E-06 2.19E-01 2.19E-01 
MONITOR AT WEST SIDE -2.00 0.70 1.00 1.89E-07 2.67E-09 3.85E-09 1.43E-05 9.45E-02 9.45E-02 
MOUITOR AT NINE VENT -3.30 -2.20 20.00 1.18£-07 1.67E-09 2.41E-09 8.94E-06 1.29E-01 1.29E-01 
NO~UIHO -1.50 5.00 0.0 3.87E-08 5.48E-10 7.90£-10 2.93E-06 2.59E-01 2.59E-01 
PAGUATE 3.00 1.00 0.0 1.21E-07 1.71E-09 2.46E-09 9.13E-06 1.19E-01 1.19E-01 
SEAHA -14.00 -10.00 0.0 7.iOE-09 1.09E-10 1.57E-10 5.83E-07 2.45£-02 2.45E-02 c SAN FIDEL -25.00 0.0 0.0 3.98E-10 5.63?.12 8.11E-12 3.01E-08 3.39E-03 3.39E-03 I 

SAN MATEO -20.00 30.00 0.0 1.71E-09 2.41 -11 3.48£-11 1.29E-07 1.77E-02 1.77E-02 w 
SABOYETA 0.0 10.00 0.0 1.56E-08 2.21E-10 3.19E-10 1.18E-06 9.41E-02 9.41E-02 w 

RANGE NORTH 0.0 5.00 0.0 5.08E-08 7 .19E-10 1.04E-09 3.85E-06 2.87E-01 2.87E-01 
RANGE EAST -15.00 0.0 0.0 1.05E-09 1.48£-11 2.14E-11 7.93E-08 7.49E-03 7.49E-03 
RANGE WEST -5.00 0.0 0.0 9.98E-09 1.41E-10 2.04E-10 7.56E-07 3.81E-02 3.81E-02 
RANGE SOUTH 0.0 -10.00 0.0 6.96E-08 9.85E-10 1.42E-09 5.27E-06 7.49E-02 7.49E-02 

CONFIDENTIAL POL-EPA01-0007866 



Table 0.20. External Dose Commitments (mrem/yr) 
to Ovaries from Cloud Submersion 

IDENTIFICATION X(KH) vrKHI Z(H) U238 U234 TH230 RA226 PB210-RN222 TOTAL 
·-----------------------------------------------------------------------------------------------------------------------------· 

ALBUQUERQUE 60.00 0.0 0.0 6.08E-11 3.40E-13 7.79E-13 5.07E-09 6.47E-04 6.47E-04 
BIBO -2.00 3.00 0.0 2.50E-08 1.40E-10 3.20E-10 2.08E-06 1.10E-01 1.10E-01 
BLUEUATER -60.00 30.00 0.0 8.85E-11 4.95E-13 1.13E-12 7 .38E-09 6.61E-04 6.61E-04 
BELEN 50.00 -40.00 0.0 4.77E-10 2.66E-12 6.10E-12 3.97E-08 2.61E-03 2.61E-03 
CASA BLANCA -10.00 -10.00 0.0 8.78E-09 4.91E-11 1.12E-10 7.32£-07 2.65£-02 2.65E-02 
CUBERO -16.00 -10.00 0.0 3.93E-09 2.20E-11 5.03E-11 3.2SE-07 1.50£-02 1.50E-02 
GRAtiTS- MILLAN -40.00 0.0 0.0 1.15E-10 6.41E-13 1.47E-12 9.55E-09 1.20E-03 1.20E-03 
JACKPILE-HOUSING 0.0 -0.20 0.0 2.24E-07 1.25E-09 2.86E-09 1.86E-05 1.26E-01 1.26E-01 
LAGUNA AIID ENCINAL -5.00 10.00 0.0 8.01E-09 4.48E-11 1. 03E-10 6.68E-07 8.07E-02 8.07E-02 
LOS LUNAS 60.00 -30.00 0.0 2.04E-10 1.14E-12 2.62E-12 1.70E-08 1.31E-03 1.31E-03 
ME SIT A 3.00 -12.00 0.0 7.04E-08 3.93E-10 9.00E-10 5.87E-06 1.02E-01 1.02E-01 
MONITOR AT DUMP F 2.70 0.0 20.00 1.89E-07 1.06E-09 2.42E-09 1..58E-05 1.25E-01 1.25E-01 
MOtiiTOR AT WELL 4 -0.70 2.30 1.00 4.88E-08 2.73E-10 6.24E-10 4.06E-06 1.58E-01 1.~E-01 
MONITOR AT WEST SIDE -2.00 0.70 1.00 1.28E-07 7 .13E-10 1.63E-09 1.06E-05 6.64E-02 6.64E-02 
MONITOR AT MitiE VENT -3.30 -2.20 20.00 7.97E-08 4.46E-10 1. 02E-09 6.65E-06 9.40E-02 9.40E-02 
MOQUINO -1.50 5.00 0.0 2.61E-08 1.46E-10 3.34E-10 2. 18E-06 1.91E-01 1.91E-01 
PAGUATE 3.00 1.00 0.0 8.14E-08 4.55E-10 1.04E-09 6.78E-06 8.53E-02 8.53E-02 0 

SEAHA -14.00 -10.00 0.0 5.20E-09 2.90E-11 6.65E-11 4.33E-07 1.82E-02 1.82E-02 I 
w 

SAN FIDEl -25.00 0.0 0.0 2.68E-10 1.50E-12 3.44E-12 2.24E-08 2.52E-03 2.52E-03 ~ 

SAN MATEO -20.00 30.00 0.0 1.1SE-09 6.44E-12 1.47E-11 9.60E-08 1.31E-02 1.31E-02 
SABOYETA 0.0 10.00 0.0 1.06E-08 5.90E-11 1.35E-10 8.80E-07 6.96E-02 6.96E-02 
RAtiGE NORTH 0.0 5.00 0.0 3.43E-08 1.92E-10 4.39E-10 2.86E-06 2.10E-01 2.10E-01 
RANGE EAST -15.00 0.0 0.0 7.07E-10 3.95E-12 9.05E-12 5.90E-08 5.55E-03 5.55E-03 
RANGE WEST -5.00 0.0 0.0 6.74E-09 3. 77E-11 8.62E-11 5.62E-07 2.80E-02 2.80E-02 
RANGE SOUTH 0.0 -10.00 0.0 4.70E-08 2.63E-10 6.01E-10 3.92E-06 5.54E-02 5.54E-02 

CONFIDENTIAL POL-EPA01-0007867 



Table D. 21. External Dose Commitments (mrem/yr) 
to Testes from Cloud Submersion 

IDENTIFICATION XlKHl YlKHl ZlHl U238 U234 TH230 RA226 PB210-RN222 TOTAL 
·-----------------------------------------------------------------------------------------------------------------------------

ALBUQUERQUE 60.00 0.0 0.0 6.68E-11 1.07E-12 1.62E-12 5.79E-09 7.36E-04 7.36E-04 
BIBO -2.00 3.00 0.0 2.74E-08 4.40E-10 6.67E-10 2.38E-06 1.30E-01 1.30E-01 
BLUEWATER -60.00 30.00 0.0 9.72E-11 1.56E-12 2.36E-12 8.42E-09 7.52E-04 7.52E-04 
BELEN 50.00 -40.00 0.0 5.23E-10 8.38E-12 1.27E-11 4.53E-08 2.96E-03 2.96E-03 
CASA BLANCA -10.00 -10.00 0.0 9.64E-09 1.55E-10 2.34E-10 8.35E-07 3.03E-02 3.03E-02 
CUBERO -16.00 -10.00 0.0 4.32E-09 6.92E-11 1.0SE-10 3.74E-07 1.72E-02 1. 72E-02 
GRANTS- MILLAN -40.00 0.0 0.0 1.26E-10 2.02E-12 3.06E-12 1.09E-08 1.36E-03 1.36E-03 
JACKPILE-HOUSING 0.0 -0.20 0.0 2.45E-07 3.93E-09 5.97E-09 2.13E-05 1.61E-01 1.61E-01 
LAGUNA AHD ENCINAL -5.00 10.00 0.0 8.80E-09 1.41E-10 2.14E-10 7.62E-07 9.26E-02 9.26E-02 
LOS LUNAS 60.00 -30.00 0.0 2.24E-10 3.60E-12 5.45E-12 1.94E-08 1.49E-03 1.49E-03 
HESITA 3.00 -12.00 0.0 7.72E-08 1.24E-09 1.88E-09 6.69E-06 1.17E-01 1.17E-01 
MONITOR AT DUMP F 2.70 0.0 20.00 2.08E-07 3.33E-09 S.OSE-09 1.80E-05 1.56E-01 1.56E-01 
MONITOR AT HELL 4 -0.70 2.30 1.00 5.35E-08 8.58E-10 1.30E-09 4.64E-06 1.90E-01 1.90E-01 
MONITOR AT WEST SIDE -2.00 0.70 1.00 1.40E-07 2.24E-09 3.40E-09 1.21E-05 8.41E-02 8.41E-02 
Hot I !TOR AT MINE VENT -3.30 -2.20 20.00 8.75E-08 1.40E-09 2.13E-09 7.58E-06 1.11E-01 1.11E-01 
HOQUIHO -1.50 5.00 0.0 2.87E-08 4.60E-10 6.97E-10 2.48E-06 2.22E-01 2.22E-01 
PAGUATE 3.00 1.00 0.0 8.93E-08 1.43E-09 2.17E-09 7.74E-06 1.04E-01 1.04E-01 c SEAHA -14.00 -10.00 0.0 5.70E-09 9.14E-11 1.39E-10 4.94E-07 2.08E-02 2.08E-02 I 

SAH FIDEL -25.00 0.0 0.0 2.95E-10 4.72E;12 7.16E-12 2.55E-08 2.ME-03 2.8SE-03 w 
SAN HAT EO -20.00 30.00 0.0 1.26E-09 2.03E-11 3.07E-11 1.10E-07 1.50E-02 1.50E-02 U1 

SABDYETA 0.0 10.00 0.0 1.16E-08 1.86E-10 2.82E-10 1.00E-06 8.01E-02 8.01E-02 
RANGE NORTH 0.0 5.00 0.0 3.76E-08 6.03E-10 9.15E-10 3.26E-06 2.46E-01 2.46£-01 .. RANGE EAST -15.00 0.0 0.0 7.76E-10 1.24E-11 1.89E-11 6.73E-08 6.37E-Ol 6.37E·03 
RANGE HEST -5.00 o.o 0.0 7.40E-09 1.19E-10 1.80E-10 6.41E-07 3.27E-02 3.27E-02 
RANGE SOUTH 0.0 -10.00 0.0 5.16E-08 8.26E-10 1.25E-09 4.47E-06 6.38E-02 6.38E-02 

CONFIDENTIAL POL-EPA01-0007868 



Table 0.22. External Dose Commitments (mrem/yr) 
to Lung from Cloud Submersion 

IDENTIFICATION XlKHJ YlKHJ ZCHJ U238 U234 TH230 RA226 PB210-RN222 TOTAL 
·-----------------------------------------------------------------------------------------------------------------------------· 

ALBUQUERQUE 60.00 0.0 0.0 6.80E-11 5.28E-13 1.08E-12 6.44E-09 8.20E-04 8.20E-04 
BIBO -2.00 3.00 0.0 2.79E-08 2.17E-10 4.42E-10 2.65E-06 1.42E-01 1.42E-01 
BLUEWATER -60.00 30.00 0.0 9.90E-11 7.68E-13 1.57E-12 9.37E-09 8.38E-04 8.38E-04 
BELEN 50.00 -40.00 0.0 5.33E-10 4.13E-12 8.42E-12 5.04E-08 3.30E-03 3.30E-03 
CAllA BLANCA -10.00 -10.00 0.0 9.82E-09 7.62E-11 1.55E-10 9.29E-07 3.37E-02 3.37E-02 
CUBERO -16.00 -10.00 0.0 4.40E-09 3.41E-11 6.96E-11 4.16E-07 1.91E-02 1.91E-02 
GRAUTS- MILLAN -40.00 0.0 0.0 1.28E-10 9.94E-13 2.03E-12 1.21E-08 1.52E-03 1.52E-03 
JACKPILE-HOUSIHG 0.0 -0.20 0.0 2.50E-07 1.94E-09 3.95E-09 2.37E-05 1.69E-01 1.69E-01 
LAGUNA AND ENCINAL -5.00 10.00 0.0 8.96E-09 6.95E-11 1.42E-10 8.48E-07 1.03E-01 1.03E-01 
LOS LUNAS 60.00 -30.00 0.0 2.28E-10 1.77E-12 3.61E-12 2. 16E-08 1.66E-03 1.66E-03 
ME SIT A 3.00 -12.00 0.0 7.86E-08 6.10E-10 1.24E-09 7.44E-06 1.30E-01 1.30E-01 
MOll IT OR AT DUMP F 2.70 0.0 20.00 2. 12E-07 1.64E-09 3.35E-09 2.00E-05 1.66E-01 1.66E-01 
MONITOR AT WELL 4 -0.70 2.30 1.00 5.45E-08 4.23E-10 8.62E-10 5. 16E-06 2.06E-01 2.06E-01 
MONITOR AT WEST SIDE -2.00 0.70 1.00 1.43E-07 1.11E-09 2.25E-09 1.35E-05 8.87E-02 8.88E-02 
MONITOR AT MINE VENT -3.30 -2.20 20.00 8.91E-08 6.91E-10 1.41E-09 8.43E-06 1.21E-01 1.21E-01 
HIJQUIHO -1.50 5.00 0.0 2.92E-08 2.27E-10 4.62E-10 2.76E-06 2.44E-01 2.44E-01 
PAGUATE 3.00 1.00 0.0 9.10E-08 7.06E-10 1.44E-09 8.61E-06 1.12E-01 1.12E-01 0 SEAHA -14.00 -10.00 0.0 5.81E-09 4.51E-11 9.19E-11 5.50E-07 2.31E-02 2.31E-02 I 
SAN FIDEL -25.00 0.0 0.0 3.00E-10 2.33E512 4.75E-12 2.84E-08 3.20E-03 3.20E-03 w 
SAN MATEO -20.00 30.00 0.0 · 1.29E-09 9.99E-12 2.04E-11 1.22E-07 1.67E-02 1.67E-02 ~ 

SABOYETA o.o 10.00 0.0 1.18E-08 9.15E-11 1.87E-10 1.12E-06 8.87E-02 8.87E-02 
RAtiGE NORTH 0.0 5.00 0.0 3.83E-08 2.97E-10 6.06E-10 3.63E-06 2.70E-01 2.70E-01 
RAtiGE EAST -15.00 0.0 0.0 7.91E-10 6.13E-12 1.25E-11 7.48E-08 7.07E-03 7.07E-03 
RANGE WEST -5.00 0.0 0.0 7.53E-09 5.84E-11 1.19E-10 7.13E-07 3.59E-02 3.59E-02 
RANGE SOUTH 0.0 -10.00 0.0 5.25E-08 4.07E-10 8.30E-10 4.97E-06 7.07E-02 7.07E-02 

CONFIDENTIAL POL-EPA01-0007869 



Table 0.23. External Dose Commitments (mrem/yr) 
to Red Marrow from Cloud Submersion 

IDENTIFICATION Xl I<HJ YlKHJ ZlHJ U238 U234 TH230 RA226 PB210-RH222 TOTAL 
-----------------------------------------------------------------------------------------------------------------------------

ALBUQUERQUE 60.00 0.0 0.0 9.51E-11 1.35E-12 2.47E-12 7. 13E-09 9.07E-04 9.07E-04 
BIBO -2.00 3.00 0.0 3.91E-08 5.56E-10 1.02E-09 2.93E-06 1.59E-01 1.59E-01 
BLUEWATER -60.00 30.00 o.o 1.38E-10 1.97E-12 3.60E-12 1.04E-08 9.27E-04 9.27E-04 
BELEN 50.00 -40.00 0.0 7.45E-10 1.06E-11 1.94E-11 5.59E-08 3.65E-O:S 3.65E-03 
CASA BLANCA -10.00 -10.00 0.0 1.37E-08 1.95E-10 3.57E-10 1.03E-06 3.73E-02 3.73E-02 
CUBERO -16.00 -10.00 0.0 6.15E-09 8.74E-11 1.60E-10 4.61E-07 2.12E-02 2.12E-02 
GRANTS- MILLAN -40.00 0.0 0.0 1.79E-10 2.55E-12 4.66E-12 1.34E-08 1.68E-Ol 1.68E-03 
JACKPILE-HOUSING 0.0 -0.20 0.0 3.49E-07 4.97E-09 9.09E-09 2.62E-05 1.94E-01 1.94E-01 
LAGUHA AHD ENCINAL -5.00 10.00 0.0 1.25E-08 1.78E-10 3.26E-10 9.39E-07 1.14E-01 1.14E-01 
LOS LUHAS 60.00 -30.00 0.0 3. 19E-10 4.54E-12 8.31E-12 2.40E-08 1.84E-03 1.84E-03 
HESITA 3.00 -12.00 0.0 1.10£-07 1.56E-09 2.86E-09 8.25E-06 1.44E-01 1.44E-01 
HOHlT OR AT DUMP F 2.70 0.0 20.00 2.96E-07 4.21E-09 7.70E-09 2.22E-05 1.89E-01 1.89E-01 
MONITOR AT HELL 4 -0.70 2.30 1.00 7.62E-08 1.08E-09 1.98E-09 5.71E-06 2.32E-01 2.32E-01 
HOHITOR AT WEST SIDE -2.00 0.70 1.00 1.99E-07 2.83E-09 5. 19E-09 l.SOE-05 1.02E-01 1.02E-01 
HOtiiTOR AT HIHE VENT -3.30 -2.20 20.00 1.25E-07 1.77E-09 3.24E-09 9.35E-06 1.36E-01 1.36E-01 
HOQUIHO -1.50 5.00 0.0 4.08E-08 5.81£-10 1.06E-09 3.06E-06 2.72E-01 2.72E-01 
PAGUATE 3.00 1.00 0.0 1.27E-07 1.81E-09 3.31E-09 9.54E-06 1.27E-01 1.27E-01 
SEAHA -14.00 -10.00 0.0 8. 12E-09 1.15E-1D 2.11E-10 6.09£-07 2.56E-02 2.56E-02 0 SAN FIDEL -25.00 0.0 0.0 4.20E-10 5.97'£-12 1.09E-11 3. lSE-08 :S.SSE-03 3.55E-03 I 
SAN HATEO -20.00 30.00 0.0 1.80E-09 2.56E-11 4.68E-11 1.35E-07 1.85E-02 1.85E-02 w ..... 
SABOYETA 0.0 10.00 0.0 1.65E-08 2.34E-10 4.29E-10 1.24E-06 9.86E-02 9.86E-02 
RAHGE NORTH 0.0 5.00 0.0 5.36E-08 7.62E-10 1.39E-09 4.02E-06 3.02E-01 3.02E-01 
RAUGE EAST -15.00 0.0 0.0 1.11E-09 1.57E-11 2.88E-11 8.29E-08 7.84E-03 7.84E-03 
RAtiGE WEST -5.00 0.0 0.0 1.05E-08 1.50E-10 2.74E-10 7.90E-07 4.01E-02 4.01E-02 
RANGE SOUTH 0.0 -10.00 0.0 7.34E-OS 1.04E-09 1.91E-09 5.51E-06 7.85E-02 7.85E-02 

CONFIDENTIAL POL-EPA01-0007870 



Table 0.24. External Dose Commitments {mrem/yr) 
to Skeleton from Cloud Submersion 

IDENTIFICATION Xli<HJ Yli<HJ 2lHJ U238 U234 TH230 RA226 PB210-RN222 TOTAL 
-----------------------------------------------------------------------------------------------------------------------------

ALBUQUERQUE 60.00 0.0 0.0 1.04E-10 1.51E-12 2.72E-12 7.67E-09 9.75E-04 9.75E-04 
BIBO -2.00 3.00 0.0 4.27E-08 6.19E-10 1.12E-09 3. 15E-06 1.71E-01 1.71E-01 
BLUEWATER -60.00 30.00 0.0 1.51E-10 2.19E-12 3.96E-12 1.12E-08 9.97E-04 9.97E-04 
BELEN 50.00 -40.00 0.0 8.14E-10 1.18E-11 2.13E-11 6.01E-08 3.93E-03 3.93E-03 
CASA BLANCA -10.00 -10.00 0.0 1.50E-08 2.17E-10 3.93E-10 1.11E-06 4.01E-02 4.01E-02 
CUBERO -16.00 -10.00 0.0 6.72E-09 9.74E-11 1.76E-10 4.96E-07 2.27E-02 2.27E-02 
GRAtiTS- HILLAH -40.00 0.0 0.0 1.96E-10 2.84E-12 5.12E-12 1.44E-08 1.81E-03 1.81E-03 
JACKPILE-HOUSING u 0.0 -0.20 0.0 3.82E-07 5.53E-09 1.00E-08 2.82E-05 2.09E-01 2.09E-01 
LA GUllA AND EHCIHAL -5.00 10.00 0.0 1.37E-08 1.98E-10 3.5SE-10 1.01E-06 1.23E-01 1.23E-01 
LOS LUNAS 60.00 -30.00 0.0 3.49E-10 5.06E-12 9.14E-12 2.58E-08 1.9BE-03 1.98E-03 
HESITA 3.00 -12.00 0.0 1.20E-07 1.74E-09 3. 14E-09 8.87E-06 1.55E-01 1.55E-01 
MONITOR AT DUHP F 2.70 0.0 20.00 3.23E-07 4.69E-09 8.46E-09 2.39E-05 2.03E-01 2.03E-01 
MONITOR AT HELL 4 -0.70 2.30 1.00 8.32E-08 1.21E-09 2. 18E-09 6.14E-06 2.49E-01 2.49E-01 
MotU TOR AT HEST SIDE -2.00 0.70 1.00 2. 18E-07 3. 16E-09 5.70E-09 1.61E-05 1.09E-01 1.09E-01 
HOI I IT OR AT MINE VENT -3.30 -2.20 20.00 1.36E-07 1.97E-09 3.56E-09 1.00E-05 1.46E-01 1.46E-01 
t10QUIHO -1.50 5.00 0.0 4.46E-OS 6.47E-10 1.17E-09 3.29E-06 2.93E-01 2.93E-01 
PAGUATE 3.00 1.00 0.0 1.39E-07 2.01E-09 3.64E-09 1.03£-05 1.37E-01 1.37E-01 
SEAHA -14.00 -10.00 0.0 8.87E-09 1.29E-10 2.32E-10 6.55E-07 2.75E-02 2.75E-02 0 
SAH FIDEL -25.00 0.0 0.0 4.5SE-10 6.64E-12 1.20E-11 3.38E-08 3.81E-03 3.81E-03 I 

w SAH HATED -20.00 30.00 0.0 1.97E-09 2.85E•11 S.lSE-11 1.45E-07 1.98E-C2 1. 98E-02 (X) 

SABOYETA 0.0 10.00 0.0 1.80E-08 2.61E-10 4.72E-10 1.33E-06 1.06E-01 1.06E-01 
RAIIGE UORTH 0.0 5.00 0.0 5.8SE-08 8.49E-10 1.53E-09 4.32E-06 3.24E-01 3.24E-01 
RAHGE EAST -15.00 0.0 0.0 1.21E-09 1.75E-11 3.16E-11 8.91E-OS 8.43E-03 8.43E-03 
RAti:;E WEST -5.00 0.0 0.0 1.15E-08 1.67E-10 3.01E-10 8.49E-07 4.31E-02 4.31E-02 
RANGE SOUTH 0.0 -10.00 0.0 8.02E-08 1.16E-09 2.10E-09 5.92E-06 8.44E-02 8.44E-02 

CONFIDENTIAL POL-EPA01-0007871 
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0.3.3 Ingestion Dose Commitments 

Table Title Page 
0.25 Dose Commitments to Whole Body from Ingestion D-40 
0.26 Dose Commitments to Bone from Ingestion 0-41 
0.27 Dose Commitments to Kidney from Ingestion 0-42 

0.28 Dose Commitments to Liver from Ingestion D-43 
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IDENTIFICATION 

BIBO 
CASA BLAHC:A 
CUBERO 
LAGUNA AND ENCINAL 
HE SIT A 
HOQUIHO 
PAGUATE 
SEAHA 
SAH FIDEL 
SAH HATED 
SABOYETA 
RAIIGE tlORTH 
RAHGE EAST 
RAHGE ~EST 
RANGE SOUTH 

CONFIDENTIAL 

Table 0.25. Dose Commitments (mrem/yr) 
to Whole Body from Ingestion 

PATHWAY U238 U234 TH230 RA226 

HEAT 1.68E-04 1.91E-04 1.74E-04 2.00E-01 
HEAT 3.48E-05 3.96E-OS 3.60E-05 4. 14E-02 
l-IE AT 1.24E-05 1.41E-OS 1.29E-OS 1.48E-02 
HEAT 2.54E-05 2.90E-OS 2.64E-05 3.03E-02 
HEAT 3. 17E-04 3.61E-04 3.29E-04 3.78E-01 
HEAT 1.29E-04 1.47E-04 1.34E-04 1.54E-01 
HEAT 7.50E-04 8.54E-04 7.77E-04 8.95E-01 
HEAT 1.77E-05 2.01E-05 1.83E-05 2.11E-02 
HEAT 4.56E-07 5.20E-07 4.74E-07 5.42E-04 
HEAT 1.97E-06 2.25E-06 2.05E-06 2.35E-03 
HEAT 3.46E-05 3.94E-05 3.59E-05 4. 12E-02 
HEAT 1.67E-04 1.91E-04 1.74E-04 2.00E-01 
MEAT 1.67E-06 1.90E-06 1. 73E-06 1. 99E-03 
HEAT 3.61E-05 4.11E-05 3.74E-05 4.30£-02 
HEAT 2.44E-04 2.78E-04 2.53E-04 2.91E-01 

PB210 P0210 TOTAL 

4.03E-03 4.66E-02 2.51E-01 
9.28E-04 1.03E-02 5.27E-02 
3.72E-04 3.93E-03 1.91E-02 
8.26E-04 8.43E-03 3.96E-02 
7.85E-03 9.00E-02 4.77E-01 
3.25E-03 3.69E-02 1.95E-01 
1.77E-02 2.06E-01 1.12E+OO 
5.06E-04 5.45E-03 2.71E-02 
2.73E-05 2.27E-04 7.98E-04 
1.76E-04 1.32E-03 3.85E-03 
9.79E-04 1.06E-02 5.29E-02 
4. 15E-03 4.75E-02 2.52E-01 
6.13E-05 5.99E-04 2.65E-03 
8.85E-04 1.02E-02 5.42E-02 
5.91E-03 6.83E-02 3.66E-01 

c 
I 

-l=:>o 
0 

POL-EPA01-0007873 



IDENTIFICATION 

BIBO 
CASA BLANCA 
CUBERO 
LAGUNA AND ENCINAL 
HE SIT A 
HOQUINO 
PAGUATE 
SEAHA 
SAH FIDEL 
SAH MATEO 
SABOYETA 
RANGE NORTH 
RANGE EAST 
RANGE HEST 
RANGE SOUTH 

CONFIDENTIAL 

Table 0.26. Dose Commitments (mrem/yr) 
to Bone from Ingestion 

PATHWAY U238 U234 TH230 RA226 

HEAT 2.83E-03 3.09E-03 6.28E-Ol 2.00E+OO 
HEAT 5.87E-04 6.40E-04 1.30E-Ol 4.14E-01 
HEAT 2. 10E-04 2.29E-04 4.65E-04 1.48E-01 
HEAT 4.30E-04 ft.69E·--!14 9.54E-04 3.03E-01 
HEAT 5.35E-03 5.84E-03 1.19E-02 3.78E+OO 
HEAT 2. 18E-03 2.38E-03 4.84E-03 1.54E+OO 
HEAT 1.27E-02 1.38E-02 2.81E-02 8.95E+OO 
HEAT 2.99E-04 3.26E-04 6.63E-04 2.11E-01 
HEAT 7.70E-06 8.40E-06 1.71E-05 5.42E-03 
HEAT 3.33E-05 3.64E-05 7.41E-05 2.35E-02 
HEAT 5.84E-04 6.37E-04 1.30E-03 4.12E-01 
HEAT 2.83E-03 3.08E-03 6.28E-03 2.00E+OO 
HEAT 2.82E-05 3.07E-05 6.26E-05 1.99E-02 
HEAT 6. 10E-04 6.65E-04 1.35E-Ol 4.30E-01 
HEAT 4.12E-Ol 4.49E-Ol 9.14E-Ol 2.91E+OO 

PB210 P0210 TOTAL 

1.26E-01 1.90E-01 2.33E+OO 
2.90E-02 4. 19E-02 4.87E-01 
1.16E-02 1.60E-02 1.76E-01 
2.58E-02 3.43E-02 l.65E-01 
2.45E-01 3.67E-01 4.41E+OO 
1.02E-01 1.50E-01 1.80E+OO 
5.51E-01 .8.3BE-01 1.04E+01 
1.58E-02 2.22E-02 2.50E-01 
8.52E-04 9.25E-04 7.23E-03 
5.49E-03 5.38E-03 3.45E-02 
3.06E-02 4.32E-02 4.88E-01 
1.30E-01 1.93E-01 2.33E+OO 
1.91E-03 2.44E-03 2.43E-02 
2.76E-02 4. 14E-02 5.02E-01 
1.85E-01 2.78E-01 3.39E+OO 

c 
I 
~ -
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IDENTIFICATION 

BIBO 
CASA BlANCA 
CUBERO 
LAGUNA AND ENCINAL 
MESITA 
HOQUIHO 
PAGUATE 
SEAHA 
SAt~ FIDEL 
SAN HATED 
SABOYETA 
RAHGE NORTH 
RAtlGE EAST 
RAtiGE WEST 
RAH5E SOUTH 

CONFIDENTIAL 

Table 0.27. Dose Commitments {mrem/yr) 
to Kidney from Ingestion 

PATHWAY U238 U234 TH230 RA226 

HEAT 6.46E-04 7.36E-04 1.62E-03 6.74E-03 
HEAT 1. 34E-04 1.52E-04 3.36E-04 1.40E-03 
HEAT 4.78E-05 5.45E-05 1.20E-04 4.98E-04 
NEAT 9.80E-05 1.12E-04 2.46E-04 1.02E-03 
HEAT 1.22E-03 1.37E-03 3.06E-03 1.27E-02 
HEAT 4.97E-04 5.67E-04 1.25E-03 5.19E-03 
HEAT 2.89E-03 3.29E-03 7.24E-03 3.01E-02 
HEAT 6.81E-05 7.76E-05 1.71E-04 7 .10E-04 
HEAT 1.76E-06 2.00E-06 4.42E-06 1.83E-05 
HEAT 7.60E-06 8.66E-06 1.91E-05 7.91E-05 
HEAT 1.33E-04 1.52E-04 3.35E-04 1.39E-03 
~I EAT 6.45E-04 7.35E-04 1.62E-03 6.73E-03 
HEAT 6.43E-06 7.32E-06 1.61E-05 6.69E-05 
HEAT 1.39E-04 1.5SE-04 3.49E-04 1.45E-03 
MEAT 9.39E-04 1.07E-03 2.36E-03 9.79E-03 

PB210 P0210 TOTAL 

1.04E-01 1.40E+OO 1.51E+OO 
2.40E-02 3.09E-01 3.35E-01 
9.62E-03 1.18E-01 1.28E-01 
2. 14E-02 2.53E-01 2.76E-01 
2.03E-Ot 2.71E+OO 2.93E+OO 
8.42E-02 1.11E+OO 1.20E+OO 
4.57E-01 6.18E+OO 6.68E+OO 
1.31E-02 1.64E-01 1. 78E-01 
7.06E-04 6.82E-03 7.56E-03 
4.55E-03 3.97E-02 4.44E-02 
2.53E-02 3.19E-01 3.46E-01 
1.07E-01 1.43E+OO 1.5'tE+OO 
1.59E-03 1.80E-02 1.97E-02 
2.29E-02 3.06E-01 3.31E-01 
1.53E-01 2.05E+OO 2.22E+OO 

c 
I 
~ 
N 
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IDENTIFICATION 

Table 0.28. Dose Commitments (mrem/yr) 
to Liver from Ingestion 

PATHWAY U238 U234 TH230 RA226 PB210 P0210 TOTAL 
------------------------------------------------------------------------------------------------------------------------

BIBO HEAT 0.0 0.0 3.58E-04 2. 38E-04 3. 19E-02 4.18E-01 4.50E-01 
CASA BLANCA HEAT 0.0 0.0 7.42E-05 4.92E-05 7.35E-03 9.22E-02 9.96E-02 
CUBERO HEAT 0.0 0.0 2.65E-05 1.76E-05 2.95E-03 3.52E-02 3.82E-02 
LAGUNA AND ENCINAL HEAT 0.0 0.0 5.43E-05 3.60E-05 6.54E-03 7.55E-02 8.22E-02 
MESITA HEAT 0.0 0.0 6. 77E-04 4.49E-04 6.22E-02 8.07E-01 8.70E-01 
MOQUINO MEAT 0.0 0.0 2.76E-04 1.83E-04 2.58E-02 3.31E-01 3.57E-01 
PAGUATE MEAT 0.0 0.0 1.60E-03 1.06E-03 1.40E-01 1.84E+OO 1.99E+OO 
SEAHA HEAT 0.0 0.0 3.7SE-05 2.50E-05 4.00E-03 4.&8E-02 5.29E-02 
SAN FIDEL MEAT 0.0 0.0 9.76E-07_ 6.45E-07 2.16E-04 2.03E-03 2.25E-03 
SAN MATEO MEAT 0.0 0.0 4.22E-06 2.79E-06 1.39E-03 1.18E-02 1.32E-02 
SABOYETA MEAT 0.0 0.0 7.39E-05 4.90E-05 7.75E-03 9.50E-02 1.03E-01 
RAUGE NORTH HEAT 0.0 0.0 3.57E-04 2.37E-04 3.29E-02 4.26E-01 4.59E-01 
RANGE EAST tiEAT 0.0 0.0 3.57E-06 2.36E-06 4.86E-04 5.37E-03 5.86E-03 
RANGE WEST HEAT 0.0 0.0 7.70£-05 5.12E-05 7.01E-Ol 9.11E-02 9.82E-02 
RANGE SOUTH HEAT 0.0 . 0.0 5.20E-04 3.46£-04 4.68E-02 6.12E-01 6.60E-01 
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